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EXAMINING EFFECTS OF AROUSAL AND VALENCE ACROSS THE ADULT 
LIFESPAN IN AN EMOTIONAL STROOP TASK  
SAMANTHA E. TUFT 
ABSTRACT 
As age increases, there is evidence that people tend to pay less attention to negative 
information, pay more attention to positive information, or both. There are many 
theoretical accounts that attempt to explain this positivity bias. In the current study, I 
examined positivity effects across the adult lifespan by evaluating competing predictions 
of two theories: Socioemotional Selectivity Theory, which is based in motivation, and 
Dynamic Integration Theory, which is based in capacity. Computer mouse tracking was 
used to examine effects across levels of Valence (negative, neutral, and positive) and 
Arousal (low, medium, and high) in an emotional Stroop task. Participants were 
instructed to identify the ink color of each word, while ignoring word meaning. With 
increased age, participants responded faster and more efficiently to negative words 
relative to neutral words. Additionally, with increased age and EC (Emotional 
Complexity), participants’ responses were slower and more deviated for low arousing 
positive words relative to neutral words, consistent with SST. Furthermore, as age and 
EC increased, participants had faster initiation times (ITs) for low arousing negative 
words relative to neutral words, consistent with SST. The results contribute to a better 
understanding of emotional cognitive biases across the adult lifespan.  
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CHAPTER I 
INTRODUCTION 
By the year 2020, for the first time in history, there will be more individuals over 
the age of 65 than individuals under the age of five (United Nations, 2013). With a rapid 
increase in the older adult population that is expected to remain high, the societal 
significance of understanding developmental changes will continue to grow. There is 
evidence of age-related declines in many cognitive processes (e.g., Mahmood, Adamo, 
Briceno, & Moffat, 2009; Radvansky, Zacks, & Hasher, 2005; Salthouse, 1996, 2004; 
Wingfield, Tun, & McCoy, 2005; Zacks, Hasher, & Li, 2000). However, despite declines 
in some functional capacities, there are gains in emotional functioning and well-being. 
The combination of some declines and some gains has been referred to as the stability-
despite-loss paradox of well-being (Kunzmann, Little, & Smith, 2000). Possible 
mechanisms for why individuals experience more positive affect (i.e., have higher well-
being) with increasing age include: variations in the functional organization of the brain 
(Cacioppo, Bernston, Bechara, Tranel, & Hawkley, 2011), motivational shifts, 
(Carstensen, Isaacowitz, & Charles, 1999), and affect optimizing (Labouvie-Vief, 2003; 
Labouvie-Vief & Medler, 2002). 
 2 
The term positivity effect has been coined to describe a developmental pattern in 
which negative information appears to be relatively salient in younger adults – because 
negative information is more informative for younger adults about potential risks (see 
Rozin & Royzman, 2001), but not in older adults. Instead, there is a shift away from 
negative information – and sometimes accompanied by an increased focus on positive 
information — with increasing age (Carstensen & Mikels, 2005). Positivity effects have 
been operationally defined as “the age difference in the ratio of positive and negative 
information in information processing” (Carstensen, Mikels, & Mather, 2006, p. 349-
350). Positivity effects are a robust and reliable finding (see Reed, Chan, & Mikels, 
2014). Identifying which cognitive processes are maintained by goals and motivation – 
and which cognitive processes decline – and why, enables researchers to identify ways 
for older adults to compensate for any loss in cognitive functioning.  
Two possibilities could explain positivity effects in which emotional goals might 
influence older adults’ attention and memory. The first possibility is referred to as an 
emotionally relevant focus in which all information that is relevant to emotional goals is 
made more salient (Mather & Carstensen, 2003). Therefore, older adults’ attention and 
memory would be biased toward both positive and negative information. The second 
possibility is referred to as an emotionally gratifying focus in which only information that 
furthers emotional goals is made more salient (Mather & Carstensen, 2003). Hence, older 
adults’ attention and memory would be biased toward information that fosters positive 
emotion, and away from information that fosters negative emotion.  
In the current study, I evaluated competing predictions of positivity effects from 
two cognitive-affective aging models: Socioemotional Selectivity Theory (SST; 
 3 
Carstensen et al., 1999) and Dynamic Integration Theory (DIT; Labouvie-Vief, 2003, 
2005, 2009; Labouvie-Vief, Grühn, & Mouras, 2009). According to SST, age-related 
changes in affective processing reflect a shift in the priority of emotion-related goals, due 
to having a more limited time perspective (e.g., perceiving that there is less time left to 
live; Carstensen et al., 1999). Carstensen et al. (2011) used experience-sampling to 
examine the developmental course of emotional experience in a representative sample 
spanning early to very late adulthood (18-94 years old). Participants reported their 
emotional states at five randomly selected times each day for a period of one week. Using 
a measurement burst design, the one-week sampling procedure was repeated five and 10 
years later. Carstensen et al. found that aging was associated with more positive overall 
emotional well-being, which indicated greater emotional stability and more emotional 
complexity – as evidenced by greater co-occurrence of positive and negative emotions. 
Additionally, these researchers found that the peak for positive emotional experience is 64 
years old. More recent extensions of SST have found that positivity effects are the result 
of controlled processes and available cognitive resources (Knight, Seymour, Gaunt, Baker, 
Nesmith, & Mather, 2007). These motivational changes can affect cognitive processes, 
such as attention and memory. 
According to DIT, affect optimization and affect complexity are two processing 
modes that interact. Affect optimization is the tendency to process information in a way 
that helps to increase positive affect and decrease negative affect. Affect complexity 
refers to the ability to coordinate the experiencing of both positive and negative states. 
DIT suggests that older adults exhibit a narrowing of affective space as a result of age-
related cognitive decline (Labouvie-Vief, 2003, 2005, 2009; Labouvie-Vief et al., 2009). 
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Therefore, older adults are less able to maintain complex representations because of a 
decreased availability of required cognitive resources, which results in older adults use of 
affect optimization. However, older adults with relatively greater availability of cognitive 
resources would, like younger adults, use these cognitive resources in order to maintain 
complex affective representations. 
The goal of the current study was to examine positivity effects across the adult 
lifespan by evaluating competing predictions based on  SST and DIT. What follows is an 
overview of the remainder of the Introduction. First, I discuss general positivity effects. 
Next, I discuss valence, arousal, and age effects in language. Then, I discuss processing 
of emotional words across different ages. Finally, I describe the current study.  
General Positivity Effects 
 Early studies on age-related differences in the processing of emotional 
information were consistent with the notion of positivity effects. In one of the first studies 
to demonstrate positivity effects in attention and memory, Mather and Carstensen (2003) 
examined age differences in attention and memory for faces expressing sadness, anger, 
and happiness using a dot probe task. In a dot probe task, participants see a pair of faces, 
one emotional and one neutral, and then a probe appears in the location of one of the 
faces. Participants are instructed to respond to the dot, by indicating which side of the 
screen the dot appeard, as quickly and accurately as possible. The authors found that 
older adults responded faster to the dot when it was presented on the same side as a 
neutral face than when it was presented on the same side as a negative face. However, 
younger adults did not exhibit this attentional bias. Additionally, older adults – but not 
younger adults – remembered positive faces better than negative faces. These findings 
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suggest that this attentional bias is consistent with the tendency to remember positive 
information better than negative information with increasing age.  
Evidence Supporting SST 
 Knight and colleagues (2007) investigated the role of cognitive control in older 
adults’ selective visual attention using eye tracking. Specifically, younger and older 
adults viewed emotional-neutral and emotional-emotional pairs of faces and pictures 
while their gaze patterns were recorded under full or divided attention conditions. The 
results indicated that older adults allocated less visual attention to negative stimuli in 
negative-neutral stimulus pairings in the full attention condition. However, when 
distracted, older adults’ limited attentional resources were more likely to be drawn to 
negative stimuli whereas younger adults were similarly drawn to negative and positive 
stimuli. These findings suggest that emotional goals can have unintended consequences 
when cognitive control mechanisms are not fully available — such that even for older 
adults, negative information has adaptive salience in a bottom-up way; thus, top-down 
goal states are overridden in the short-term when resources are compromised (see also 
Mather & Knight, 2006). 
 Isaacowitz, Allard, Murphy, and Schlangel (2009) investigated the time course of 
older adults’ preferential fixation toward happy faces and away from angry faces to 
differentiate whether such patterns are more consistent with a cognitive control account 
(requires cognitive effort and time to emerge) or with a simplified processing account (no 
effect of time). On each trial, younger and older adults viewed a neutral face paired with 
an emotional face (happy, sad, afraid, or angry). Participants were instructed to “look 
naturally” at the face pairs. During the first 500 ms after stimulus onset, older adults 
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tended to look more at neutral faces than happy faces, but after the first 500 ms the 
preference toward happy faces began to emerge and increased over time. Additionally, 
older adults’ preference to look away from angry faces emerged 3 s after the stimulus 
onset and increased over time. The effect of time did not affect gaze preferences for 
younger adults. These findings are consistent with a cognitive control account because 
the positive gaze preferences did not emerge immediately after stimulus onset, but 
instead emerged later and increased over time. This study highlights the importance of 
considering possible effects that time and cognitive control have for detecting positivity 
effects. 
Evidence Supporting DIT 
 Allard and Isaacowitz (2008) utilized a within-participants design to examine 
whether age-related positivity effects in fixation are affected by dual task constraints. 
Younger and older adults viewed a series of positive, negative, and neutral images in 
conditions of full attention and when attention was divided by an auditory lexical 
decision task (i.e., deciding whether a spoken stimulus was a real English word or a 
nonword). In the full attention condition, older adults displayed higher fixation 
percentages toward positive relative to negative images. In the divided attention 
condition, older adults maintained a fixation preference for positive over negative 
images, suggesting that older adults’ positive fixation preferences may not always 
necessitate full, cognitive control — which is inconsistent with Knight et al.’s (2007) 
findings. Regardless of condition, younger adults did not show a preference for negative 
relative to positive and neutral images. This study demonstrates that full cognitive control 
is not always necessary for positivity effects, consistent with DIT. 
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Keil and Freund (2009) found evidence to support the notion that older adults 
experience a narrowing of affective space in a study that had participants rate the valence 
and arousal of both pictures and emotional verbs. These researchers found that younger 
adults’ ratings showed a curvilinear relationship between valence and arousal, 
specifically, increasing pleasantness and unpleasantness with increasing emotional 
arousal (see Figure 1). However, the relationship for older adults was more linear and 
unidimensional — such that low arousing stimuli were rated as relatively pleasant, and 
high-arousing stimuli were rated as relatively unpleasant. This study supports DITs claim 
that as age increases there is a narrowing of affective space. 
 8 
 
Figure 1. Grand mean affective spaces as obtained through the rating of written verbs, 
averaged across younger, middle-aged, and older participants (top to bottom). Each point 
in the spaces represents mean ratings for one written verb. Reprinted from “Changes in 
the sensitivity to appetitive and aversive arousal across adulthood,” by A. Keil and A. M. 
Freund, 2009, Psychology and Aging, 24, 668-680. Copyright 2009 by the American 
Psychological Association. 
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 There have been inconsistent findings on whether positivity effects are influenced 
by cognitive control resources. These inconsistent findings could be due to differences in 
the level of demand and distraction of the divided-attention conditions. Despite these 
inconsistences, these findings suggest that positivity effects may require some — but not 
necessarily complete — cognitive control.  
Effects of Arousal, Valence, and Age in Language Research 
Language is pervasive. Language shapes emotion perception by providing context 
(Barrett, Lindquist, & Gendron, 2007). The theoretical motivation for using language to 
examine the effects of interest across the adult life span is that levels of valence and 
arousal can be systematically manipulated (and thus examined) in linguistic stimuli. The 
relatively few studies that have used words as stimuli have resulted in conflicted findings 
regarding positivity effects (e.g., Grühn, Smith, & Baltes, 2005; Kensinger, 2008; 
Krestar, 2014). Effects of affective variables on lexical processing have been 
demonstrated many times with traditional college-age participants (e.g., Vakoch & 
Wurm, 1997; Wurm, 2007; Wurm & Seaman, 2008; Wurm & Vakoch, 1996; Wurm, 
Vakoch, Aycock, & Childers, 2003; Wurm, Vakoch, & Seaman, 2004b; Wurm, Vakoch, 
Seaman, & Buchanan, 2004c), but only a few studies have examined effects of affective 
variables on lexical processing in older adults (Wurm, 2011; Wurm, Labouvie-Vief, 
Aycock, Rebucal, & Koch, 2004a). Additionally, language research can have a variety of 
practical implications (e.g., communication; advertising; decision making, Löckenhoff, & 
Carstensen, 2007; Mikels, Löckenhoff, Maglio, Goldstein, Garber, & Carstensen, 2010; 
etc.). 
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Evidence Supporting SST 
Thomas and Hasher (2006) examined age differences in attentional biases and 
subsequent incidental recognition memory for distracting positive (high arousal), 
negative (high arousal), and neutral (low arousal) words. Participants made decisions 
about numbers that flanked distracting words that were to be ignored. Specifically, 
participants made a decision about two numbers (‘yes’ both numbers are odd or even, 
‘no’ one number is odd and the other number is even), referred to as a digit parity task. 
The types of distracting words were blocked within participants. Thomas and Hasher 
assumed that any observed differences in reaction times (RTs) across the distraction 
conditions would reflect attentional biases. Younger adults’ median RTs were longer 
when negative words were distractors than when positive or neutral words were 
distractors. Younger adults recognized negative words best and positive words least, but 
the difference in recognition for negative and neutral words did not reach significance. 
Older adults’ median RTs did not significantly differ across the valence conditions. Older 
adults recognized positive words best and their recognition for negative and neutral 
words did not significantly differ from chance. These results suggest that early processing 
biases do not appear to fully explain age differences that are found in memory for 
positively and negatively valence words. However, it is possible that RTs were not a 
sufficiently sensitive measure of attentional biases. 
 Samanez-Larkin, Robertson, Mikels, Carstensen, and Gotlib (2009) investigated 
age differences in selective attention to emotional lexical stimuli under conditions of 
emotional interference. Younger and older adults completed two versions (substance and 
valence) of a modified flanker task that required categorical judgments about emotional 
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or non-emotional stimuli, and both neural and behavioral measures were obtained. Older 
adults showed interference in both the behavioral and neural measures in the substance 
categorization task, in which participants were instructed to indicate whether the central 
target word was a metal or fruit while ignoring flanking stimuli from the same category, 
different category, or a no substance (nonword) category, but not in the valence 
categorization task, in which participants were instructed to indicate whether the central 
target was a positive or negative while ignoring flanking stimuli from the same valence, 
opposite valence, or no valence (nonword) category. Behaviorally, younger adults 
showed interference both in the substance and valence categorization tasks. Younger 
adults showed neural interference in the substance categorization task, but not in the 
valence categorization task. Additionally, no positivity effects were found. These results 
demonstrate that older adults can efficiently inhibit both positive and negative material, 
providing further evidence that positivity effects are less likely to occur when the task 
provides participants with explicit goals (e.g., to selectively attend to both positive and 
negative words). 
Ashley and Swick (2009) examined age differences in negativity bias – an 
increased salience for negative information in attention and memory – using pure and 
mixed blocks in a modified emotional Stroop task. In pure blocks, all words in each block 
were either neutral or negative high arousing words. In mixed blocks, a pseudo-
randomized design was used that repeated a pattern of seven word types, in which the 
word in position 1 was a negative high arousing word in the emotional mixed blocks or a 
neutral school-related category word in the neutral mixed blocks, while all other words 
(words in positions 2-7) were neutral words. Younger and older adults viewed a total of 
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six blocks of words, two pure blocks and four mixed blocks. Both age groups were 
significantly slower to report the color of negative high arousing words in pure blocks 
and of negative high arousing words in position one of emotional mixed blocks. 
However, older adults, but not younger adults, showed a decrease in carryover slowing 
effects of the negative words, such that after the presentation of a negative word there 
was less of a RT slowing that carried-over onto adjacent neutral words. In other words, 
older adults disengaged from the negative words more effectively than younger adults. 
Nonetheless, older adults performed similarly to younger adults in pure blocks. These 
findings suggest that age-related differences in the processing of negative information 
depend on the task conditions and may occur in the later stages of information 
processing. 
LaMonica, Keefe, Harvey, Gold, and Goldberg (2010) investigated emotional 
regulation and control across the adult lifespan using a simplified version of the 
emotional Stroop that controls for speed and general interference. The task had four 
conditions: color naming, word reading, emotional inhibition, and neutral inhibition. 
Color naming required participants to name the color of as many patches of color as 
possible in 30 s. Participants were instructed to read as many emotionally neutral words 
printed in black ink as possible in 30 s. The emotional inhibition condition required 
participants to name the color of the ink of as many positive and negative words as 
possible in 30 s. The neutral inhibition condition required participants to name the color 
of the ink of as many neutral words as possible in 30 s. The conditions were always 
presented in the following order: color naming, neutral inhibition, emotion inhibition, and 
word reading. Individuals in the 20s, 30s, and 40s age groups performed better in the 
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neutral than the emotional inhibition conditions. Individuals in the 60s and 70s age 
groups performed better on emotional than neutral inhibition conditions. These findings 
suggest that older adults may be less affected by the emotional impact of the positive and 
negative words.  
Dunajska, Szymanik, and Trempala (2012) investigated age-related differences 
among older adults’ (all participants in the study were 60 years or older) responses in a 
mixed presentation of an emotional Stroop task (negative, neutral, and positive words). 
Younger-older adults’ responses to emotional and neutral words were not significantly 
different from older-older adults. Results of this study provide evidence that changes in 
responding to emotional and neutral words may cross some threshold before reaching 
older adulthood, consistent with LaMonica et al.’s (2010) finding. The authors argue that 
this conclusion is very important from the perspective of lifespan developmental 
psychology, which needs more research that is dynamic and across the lifespan to further 
inform research on positivity effects. 
 MacKay, Johnson, Graham, and Burke (2015) explored how age impacts relations 
between emotion, attention, and memory. Younger and older adults completed a mixed 
presentation of a taboo Stroop task. Participants were instructed to name the ink colors of 
taboo and neutral words, some of which reappeared in the same ink color or screen 
location throughout two experiments. The two experiments demonstrated three reliable 
and age-invariant effects of emotion in the taboo Stroop task. First, participants had 
longer color-naming RTs for taboo than neutral words, which diminished with word 
repetition. Second, participants had better incidental recognition memory for ink colors 
and screen locations consistently associated with taboo compared to neutral words. Third, 
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there was a greater speed-up in color-naming RTs with the repetition of color-consistent 
than color-inconsistent taboo words, but there was no difference with the repetition of 
location-consistent versus location-inconsistent taboo words. These results are consistent 
with the transmission deficit hypothesis (MacKay & Burke, 1990) and binding theory 
(MacKay, Shafto, Taylor, Marian, Abrams, & Dyer, 2004), which states that the 
connections underlying the comprehension, emotional reactions, and priority binding for 
taboo words receive frequent use in everyday life and remains intact with aging. 
However, an alternative interpretation of these results is that the effects were due to 
participants responding to highly arousing words. This alternative interpretation is 
consistent with SST in that arousal does not depend on age. Similarly, Kensinger (2008) 
found that aging preserves the processing of arousing information while altering the 
processing of non-arousing information. In other words, age-related differences in 
emotional processing are only expected for non- (or low) arousing words. 
Evidence Supporting DIT 
 Wurm and colleagues (2004a) explored age-related differences in emotional 
processing in two resource-demanding situations, an auditory and a visual variant of the 
emotional Stroop task. Specifically, the auditory emotional Stroop task was used to 
investigate whether older adults can avoid attending to the emotional tone of voice while 
performing a lexical decision task. Older adults’– but not younger adults’– responses 
were slower for emotional words spoken in an incongruent emotional tone of voice. 
These results are consistent with the assumption that older adults have diminished 
cognitive resources and therefore are unable to inhibit (or have greater difficulty 
inhibiting) irrelevant information (Hasher & Zacks, 1988). The visual emotional Stroop 
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task was used to examine the age-related differences in interference created by the 
arousal level of the words. Words were presented on a computer screen in a colored font, 
and participants were instructed to quickly name the ink color. Results revealed that older 
adults took longer to name the ink color for high arousal words than medium and low 
arousal words. The time it took to name the ink color was equivalent across the arousal 
levels of the words for younger adults, regardless of valence. These findings suggest that 
high arousing positive stimuli may be just as problematic for older adults as high 
arousing negative stimuli, consistent with DIT.  
 Wurm (2011) investigated the roles of age and affect in the relatively automatic 
low-level cognitive process of lexical access using pure emotion words and non-emotion 
words. Compared to younger adults, older adults showed larger but less complex effects 
of dimensions of affective connotation for both types of words. In addition, older adults 
with more cognitive resources maintained more complex affective representations, a data 
pattern like that of younger adults, while those with fewer resources had a decreased 
ability to maintain complex representations (i.e., a narrowing of affective space). 
In conclusion, only a few studies have found that older adults respond differently 
from younger adults to emotional words than neutral words, including patterns that would 
be characterized as positivity effects (Ashley & Swick, 2009; LaMonica et al., 2010). In 
contrast, one study found that older adults respond less efficiently to high arousing words 
than low arousing words, and that younger adults did not respond differently across 
arousal levels (Wurm et al., 2004a). However, another study found that participants’ 
responding less efficiently to high arousing words than low arousing words was 
consistent across ages (MacKay et al., 2015). These inconsistent findings could be due to 
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differences in presentation (e.g., mixed vs. blocked; computer vs. card), differences in the 
arousal and valence of the stimuli, or a combination of these factors. Further 
complicating comparison across studies is the fact that no previous study has examined 
effects of valence and arousal by systematically varying all levels of both factors.  
Current Study 
 Relatively few studies that have examined positivity effects have manipulated 
both arousal and valence. In fact, no study has fully examined all levels of valence and 
arousal. For example, in the Wurm et al. (2004a) study, which came closest to doing so, 
word valence was equated across levels of arousal; however, there were no neutral high 
arousing words used in the experiment. Therefore, in the current study, which was 
designed to examine age-related positivity effects in an emotional Stroop task, I 
manipulated the valence and arousal of the stimulus words, and I did so while also 
controlling for lexical characteristics.  
 Most studies in which positivity effects and age differences were examined used 
only two groups – one group of younger adults and one group of older adults. In the 
current study, I examined age differences of positivity effects across the adult lifespan in 
order to expand our knowledge as to the theoretical underpinnings (i.e., boundary 
conditions) of the age-related positivity effects. Only one other study has investigated age 
differences in an emotional Stroop task across the lifespan, and in that study, age was 
analyzed as a categorical variable (LaMonica et al., 2010). 
A number of studies have found support for the notion that there are advantages 
of using the computer mouse-tracking measures above and beyond RT and accuracy (see 
Tuft, Incera, McLennan, 2016; Xiao & Yamauchi, 2014; 2015). Indeed, Barca and 
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Pezzulo (2012) argue that “Continuous measures of processing are more informative 
about the dynamics of choice than reaction time experiments” (p. 2). Previous attentional 
studies using the emotional Stroop task had participants respond to the ink color of the 
words either by saying the color out loud or by pressing a button, and only measured RT 
and accuracy. Therefore, previous inconsistent findings could be due, at least in part, to a 
lack of sensitivity of traditional measures. Consequently, I used computer mouse-
tracking, a continuous measure that captures participants’ unfolding responses throughout 
each trial, in order to expand our knowledge of the theoretical underpinnings of age-
related positivity effects (i.e., the underlying dynamics of these cognitive processes; 
Spivey, Grosjean, & Knoblich, 2005). The goal of the current study was to examine 
positivity effects across the adult lifespan by evaluating competing predictions based on 
SST and DIT. I further tested these two competing theories by examining effects of the 
Age  Emotional Complexity (EC)  Arousal  Valence anlaysis. EC was measured by 
using the the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & 
Tellegan, 1988) and instructing participants to indicate “the extent to which you have felt 
this way during the past few weeks”, which is similar to how Spencer-Rodgers, Peng, and 
Wang (2010) measured EC, with the exception that the traditional scale of the PANAS, 
which ranged from 1 (slightly or not at all) to 5 (extremely), was used instead of a scale 
ranging from 1 (not at all) to 9 (very much). Lindquist and Barrett (2008) suggest that a 
person’s working memory capacity may affect their EC self-report processes and 
experience. Therefore, I used EC as a proxy for cognitive resources. 
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SST Predictions 
SST Prediction 1 
Based on previous research in support of SST (Carstensen et al., 2011; LaMonica 
et al., 2010), a linear effect of age is expected for any effects involving valence (see 
Figure 2). For example, any differences between positive and neutral words are expected 
to increase linearly with increasing age, which is due to one’s attention being captured 
and sustained by positive information. 
 
Figure 2. SST prediction of linear age effects. 
SST Prediction 2 
 Based on previous research (Kensinger, 2008), a significant Valence  Arousal  
Age interaction is predicted, because low arousal words require less cognitive resources 
to process, which would allow emotional related goals to be activated through the use of 
more controlled processes.  
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SST Prediction 2a. Specifically, negative and positive words are expected to be 
responded to less efficiently (longer RTs, less direct mouse movements, or both) 
relative to neutral words for high arousal words, regardless of age.  In other 
words, additional attentional resources are used to process the positive and 
negative words relative to the neutral words, and this effect will be consistent 
across the adult lifespan for words high in arousal (Kensinger, 2008).  
SST Prediction 2b. For words low in arousal, as age increases, participants are 
expected to respond less efficiently to positive words relative to neutral words 
because older adults attention is captured and sustained by positive information. 
This result would be evidence of a positivity effect in the Stroop task. 
SST Prediction 2c. For low arousing words, as age increases, participants are 
expected to respond more efficiently to negative words relative to neutral words 
because with increasing age adults are able to disengage from negative 
information more efficiently. This result would be evidence of a positivity effect 
in the Stroop task. 
SST Prediction 3 
According to SST, positivity effects reflect older adults’ greater focus on 
regulating emotion, which is the result of greater use of controlled processes and 
available cognitive resources (Knight et al., 2007). Therefore, the prediction that follows 
is that positivity effects will emerge later (i.e., 500 ms or later after the onset of the 
stimulus), due to goal-directed selective processing, which requires adequate cognitive 
control and time to emerge (Isaacowitz et al., 2009).  
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SST Prediction 4 
Another prediction based on SST is that there will be a significant Age  EC  
Arousal  Valence interaction due to the increased use of cognitive resources (i.e., the 
ability to experience both positive and negative emotions) needed to observe positivity 
effects (Knight et al., 2007).  
SST Prediction 4a. For high arousal words, positive and negative words should 
be responded to less efficiently relative to neutral words regardless of EC and age. 
In other words, additional attentional resources are used to process the positive 
and negative words relative to the neutral words, and this effect will be consistent 
for words high in arousal across the adult lifespan and across levels of emotional 
complexity.  
SST Prediction 4b. For low arousal words, negative words should be responded 
to more efficiently relative to neutral words as age and EC increase, because of 
the increased availability of cognitive resources resulting in adults being able to 
disengage from negative information more efficiently with increasing age. This 
result would be evidence of a positivity effect in the Stroop task. 
SST Prediction 4c. For low arousal words, positive words should be responded to 
less efficiently relative to neutral words as age and EC increase, because of the 
increased availability of cognitive resources resulting in adults’ attention being 
captured and sustained by positive information with increasing age. This result 
would be evidence of a positivity effect in the Stroop task. 
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DIT Predictions 
DIT Prediction 1 
Based on previous research in support of DIT (Labouvie-Vief, 2003), a 
curvilinear effect of age is expected for any effects involving valence (see Figure 3).  For 
example, any differences between positive and neutral words are expected to decrease (as 
depicted in the solid line in Figure 3) or show no difference (dotted line in Figure 3) from 
young adulthood to middle adulthood – because emotional complexity peaks in middle 
adulthood (Labouvie-Vief, 2003) – followed by an increase from middle adulthood on. 
 
Figure 3. DIT prediction of age effects. 
DIT Prediction 2 
 According to DIT, there should be a significant Age  Arousal interaction, such 
that as age increases, high arousing stimuli require more cognitive resources to process 
(Grühn & Scheibe, 2008; Wurm et al., 2004a). 
 22 
DIT Prediction 2a. Regardless of valence, the prediction based on DIT is that as 
age increases, words low in arousal will be responded to more efficiently relative 
to words medium in arousal. In other words, as age increases, the medium 
arousing words will require more cognitive resources to disengage from the word 
relative to the low arousing words.  
DIT Prediction 2b. Regardless of valence, the prediction based on DIT is that as 
age increases, high arousal words will be responded to less efficiently relative to 
words medium in arousal, because it will be more difficult to disengage from high 
arousing words (Wurm et al., 2004a).  
DIT Prediction 3 
Based on previous research in support of DIT (Keil & Freund, 2009; Wurm, 
2011), there should be a significant Age  Valence interaction. Specifically, as age 
increases, the effect of valence will increase due to age-related cognitive decline 
(Labouvie-Vief et al., 2009; Wurm, 2011). In other words, older adults will favor positive 
over negative information.  
DIT Prediction 3a. The prediction based on DIT is that positive words will be 
responded to less efficiently than neutral words, as age increases because it will 
be more difficult to disengage from positive information. This result would be 
evidence of a positivity effect in the Stroop task. 
DIT Prediction 3b. The prediction based on DIT is that negative words will be 
responded to more efficiently than neutral words, as age increases because it will 
be easier to disengage from negative information. This result would be evidence 
of a positivity effect in the Stroop task. 
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DIT Prediction 4 
According to DIT, older adults may show positivity effects as a way to simplify 
their information processing due to age-related cognitive decline (Labouvie-Vief et al., 
2009; Wurm, 2011). Therefore, according to DIT, positivity effects should emerge early 
(i.e., within 500 ms of stimulus onset), reflecting the use of low-effort, and relatively 
automatic processing due to cognitive decline (Isaacowitz et al., 2009; Labouvie-Vief, 
2003).  
DIT Prediction 5 
Another prediction based on DIT is that there will be a significant Age  EC  
Valence interaction (Wurm, 2011). More specifically, as age increases and EC decreases, 
greater effects of valence will be observed. 
DIT Prediction 5a. Regardless of arousal, the prediction based on DIT is that 
positive words will be responded to less efficiently relative to neutral words, as 
age increases and EC decreases, because it will be more difficult to disengage 
from positive information. This result would be evidence of a positivity effect in 
the Stroop task. 
DIT Prediction 5b. Regardless of arousal, the prediction based on DIT is that 
negative words will be responded to more efficiently relative to neutral words, as 
age increases and EC decreases, because it will be easier to disengage from 
negative information. This result would be evidence of a positivity effect in the 
Stroop task. 
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DIT Prediction 6 
Another prediction based on DIT is that there will be a significant Age  EC  
Arousal interaction (Wurm, 2011). More specifically, as age increases and cognitive 
resources decrease, larger effects of arousal will be observed. 
DIT Prediction 6a. Regardless of valence, the prediction based on DIT is that low 
arousing words will be responded to more efficiently relative to medium arousing 
words, as age increases and EC decreases, because it will be easier to disengage 
from low arousing words. 
DIT Prediction 6b. Regardless of valence, the prediction based on DIT is that 
high arousing words will be responded to less efficiently relative to medium 
arousing words, as age increases and EC decreases, because it be more difficult to 
disengage from high arousing words. 
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CHAPTER II 
METHODS 
Participants 
 I recruited 120 participants from Northeast Ohio, including the Cleveland State 
University community, the Cleveland State University Department of Psychology 
participation pool, and volunteers from ResearchMatch.org, a recruiting website where 
participants can sign up for research studies. I performed an a priori power analysis using 
G*Power (Faul, Erdfelder, Buchner, & Lang, 2009; Faul, Erdfelder, Lang, & Buchner, 
2007) to determine how many participants would be required to have sufficient power to 
detect a significant Valence  Arousal  Age  EC interaction for a “Linear Multiple 
Regression: Fixed Model, R2 increase.” With an estimated effect size of .08, an observed 
power of .80, an alpha level of .05, and two tested predictors, a total sample size of 124 is 
required. Therefore, the current study has moderately sufficient power to detect a Valence 
 Arousal  Age  EC interaction. I chose a small/medium effect to be conservative 
because there has been no previous research that investigated this specific interaction that 
used a statistical analysis with a clear way for calculating effect sizes.  
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All participants were 18 years old or older. I recruited 20 participants in each of 
the following ranges: 18-19, 20-29, 30-39, 40-49, 50-59, 60+ with background 
characteristics and statistics shown in Table 1.1 
Participants were native speakers of American English with normal/corrected to 
normal vision. Participants received either research participation credit (1 credit) or a 
monetary payment ($20). The treatment of participants met the guidelines set forth by the 
American Psychological Association (APA). 
Table 1. Background characteristics of participants.   
 Age Range  
Variable 18-19 20-29 30-39 40-49 50-59 60+ Overall 
 n = 20 n = 20 n = 20 n = 20 n = 19 n = 20 N = 119 
         
Age 
18.30 
(0.11)a 
21.75 
(0.59)b 
32.80 
(0.59)c 
43.45 
(0.61)d 
54.58 
(0.66)e 
66.80 
(1.19)f 
39.49 
(1.62) 
         
Gender        
 Female 80% 80% 80% 55% 74% 75% 74% 
 Male 20% 15% 20% 45% 26% 25% 25% 
 Trans Male  5%     1% 
         
Years of education 
12.33 
(0.13)a 
14.30 
(0.34)ac 
17.35 
(0.74)b 
17.66 
(0.80)b 
15.68 
(0.87)bc 
16.75 
(0.65)bc 
15.66 
(0.31) 
        
                                                 
1 One participant from the 50-59 decade was excluded due to having made 47 errors in 
the emotional Stroop task. 
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Handedness        
 Right-handed 90% 85% 75% 100% 84% 80% 86% 
 Left-handed 10% 10% 25%  11% 15% 12% 
 Ambidextrous  5%   5% 5% 2% 
         
Race        
 Caucasian 60% 60% 60% 65% 74% 80% 66% 
 African American 40% 35% 30% 25% 16% 20% 28% 
 Indian  5%     1% 
 Asian    5%   1% 
 Multiracial   5% 5% 10%  3% 
 Other   5%    1% 
         
PANAS        
 PANASpositive 
32.00 
(1.28)a 
33.90 
(1.55)a 
32.45 
(1.90)a 
35.90 
(1.61)a 
36.11 
(1.49)a 
37.35 
(1.60)a 
34.61 
(0.66) 
 PANASnegative 
19.20 
(1.11)a 
20.95 
(1.51)a 
18.05 
(1.41)a 
17.25 
(1.86)a 
16.63 
(1.06)a 
15.65 
(1.23)a 
17.97 
(0.56) 
         
EC 
3.94 
(0.21)a 
4.12 
(0.24)a 
3.68 
(0.21)a 
3.32 
(0.23)a 
3.40 
(0.18)a 
3.27 
(0.24)a 
3.62 
(0.09) 
         
DSS 
3.35 
(0.15)a 
3.37 
(0.17)a 
3.39 
(0.14)a 
2.95 
(0.15)a 
2.95 
(0.19)a 
2.78 
(0.15)a 
3.13 
(0.07) 
         
FTP 
5.67 
(0.19)a 
5.39 
(0.22)ab 
5.32 
(0.24)ab 
5.15 
(0.28)ab 
4.75 
(0.25)ab 
4.47 
(0.31)b 
5.13 
(0.11) 
         
         
         
         
         
         
         
         
         
 28 
CA 
22.18 
(1.00)a 
25.79 
(1.28)a 
31.51 
(0.77)b 
38.13 
(1.16)c 
44.87 
(0.87)d 
56.25 
(1.85)e 
36.38 
(1.17) 
 CAFeel 
22.85 
(1.52)a 
26.60 
(2.18)a 
31.00 
(1.12)ad 
39.00 
(1.84)bd 
39.74 
(1.77)b 
54.00 
(2.89)c 
35.50 
(1.23) 
 CALook 
20.23 
(1.13)a 
20.05 
(1.03)a 
27.50 
(0.99)b 
39.00 
(1.69)c 
50.26 
(1.60)d 
58.00 
(1.93)e 
35.72 
(1.46) 
 CADo 
23.13 
(2.12)a 
25.98 
(1.93)a 
31.05 
(1.31)ab 
38.00 
(2.31)bc 
42.37 
(1.68)c 
59.25 
(2.44)d 
36.58 
(1.37) 
 CAInterests 
22.50 
(1.84)a 
30.55 
(2.33)ab 
36.50 
(1.82)b 
36.50 
(1.67)b 
47.11 
(1.81)c 
53.75 
(2.23)c 
37.74 
(1.23) 
         
COWAT-FAS 
35.50 
(2.15)a 
37.60 
(1.98)a 
43.95 
(3.22)a 
43.80 
(3.28)a 
45.05 
(3.23)a 
39.85 
(2.68)a 
40.92 
(1.17) 
Notes: Standard errors are in parentheses. Values in the same row that do not share 
subscripts differ at p < .05. Values with no subscript were not included in the tests. All 
tests were adjusted using the Bonferroni correction. 
 
Materials 
Stimuli 
The stimulus list (see Appendix A) consisted of a total of 108 words: 12 negative 
low arousing words (e.g., bored), 12 negative medium arousing words (e.g., ache), 12 
negative high arousing words (e.g., destroy), 12 neutral low arousing words (e.g., 
square), 12 neutral medium arousing words (e.g., feeling), 12 neutral high arousing 
words (e.g., frenzy), 12 positive low arousing words (e.g., gentle), 12 positive medium 
arousing (e.g., beauty), and 12 positive high arousing words (e.g., excitement). The words 
were chosen from the Affective Norms for English Words (ANEW; Bradley & Lang, 
2010). All negative words had a valence rating below 4.0 (on a scale of 1-9, with 1 being 
highly negative and 9 being highly positive), all neutral words had a valence rating 
ranging from 4.0 to 6.5, and all positive words had a valence rating ranging above 6.5. 
Low arousing words had arousal ratings below 3.5 (on a scale of 1-9, with 1 being 
calming or soothing and 9 being agitating or exciting), medium arousing words had 
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arousal ratings ranging from 4.95-5.05, and high arousing words had arousal ratings 
above 6.5. All Valence and arousal ratings were taken from ANEW.  
In order to ensure that I had equated valence across the different levels of arousal, 
I performed a 3 (Valence: negative, neutral, positive)  3 (Arousal: low, medium, high) 
ANOVA on valence ratings. There was a significant main effect of Valence, F(2, 99) = 
491.81, p < .001, p2 = .91. Specifically, planned comparisons revealed that negative 
words (M = 3.03, SE = .10) were significantly more negative than neutral words (M = 
5.12, SE = .10), p < .001. Positive words (M = 7.33, SE = .10) were significantly more 
positive than neutral words, p < .001. The main effect of Arousal was not significant, F(2, 
99) = .06, p = .94, p2 < .01. In particular, planned comparisons revealed that low arousal 
words (M = 5.17, SE = .10), medium arousal words (M = 5.18, SE = .10), and high 
arousing words (M = 5.13, SE = .10) did not significantly differ from one another on 
valence ratings, ps > .75. The Valence  Arousal interaction was not significant (see 
Table 2), F(4, 99) = .34, p = .22, p2 = .06.  
In order to ensure that I had equated arousal across the different levels of valence, 
I performed a 3 (Valence: negative, neutral, positive)  3 (Arousal: low, medium, high) 
ANOVA on arousal ratings. The main effect of Valence was not significant, F(2, 99) = 
.04, p = .96, p2 < .01. Specifically, planned comparisons revealed that negative words (M 
= 5.03, SE = .05), neutral words (M = 5.04, SE = .05), and positive words (M = 5.02, SE = 
.05) did not significantly differ from one another on arousal ratings, ps > .77. The main 
effect of Arousal was significant, F(2, 99) = 1672.16, p < .001, p2 = .97. In particular, 
planned comparisons revealed that low arousal words (M = 3.21, SE = .05) were 
significantly less arousing than medium arousal words (M = 5.00, SE = .05), p < .001. 
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High arousal words (M = 6.89, SE = .05) were significantly more arousing than medium 
arousing words, p < .001. The Valence  Arousal interaction was not significant (see 
Table 2), F(4, 99) = .06, p = .99, p2 < .01. 
Table 2. The means of ANEW valence ratings, ANEW arousal ratings, number of letters, 
frequency per million, number of orthographic neighbors, and the frequency per million of 
orthographic neighbors across all word types.  
 
 Low Arousal  Medium Arousal  High Arousal 
 
 Neg Neu Pos  Neg Neu Pos  Neg Neu Pos 
Valence ratings 
 
3.25 4.96 7.29  2.94 5.33 7.26  2.90 5.06 7.44 
Arousal ratings 
 
3.20 3.24 3.18  5.00 4.99 5.00  6.89 6.89 6.89 
# of letters 
 
5.42 5.33 5.50  5.92 5.67 5.58  5.50 5.58 6.00 
Frequency per 
million 
 
25.53 25.21 26.60  27.74 26.31 25.10  26.67 25.18 25.59 
# of orthographic 
neighbors 
 
5.83 4.92 2.33  3.58 4.33 4.17  3.75 4.08 3.17 
Frequency per 
million of 
orthographic 
neighbors 
 
6.15 22.33 35.34  51.70 3.77 21.80  42.11 14.28 30.44 
Note: Neg = Negative valence, Neu = Neutral valence, Pos = Positive valence 
 
Larsen, Mercer, and Balota (2006) conducted a meta-analysis on the stimuli used 
in 32 emotional Stroop studies and found that the emotion words were significantly lower 
in frequency of use, longer in length, and had smaller orthographic neighborhoods than 
words used as controls. These lexical features are well known to contribute to slower 
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word recognition, and hence are likely to have contributed to the delayed latencies in 
color naming, suggesting the need to carefully match the word categories on lexical 
characteristics, as has been done in the current study. Therefore, the different word types 
were matched on the following lexical characteristics (see Table 2): number of letters (all 
ps > .66), frequency per million from the modified CELEX database (all ps > .99), 
number of orthographic neighbors (all ps > .55), and the mean frequency per million of 
orthographic neighbors (all ps > .45; Medler & Binder, 2005). 
Although the ANEW norms are based on data collected only from younger adults, 
Wurm et al. (2004a) found extremely high correlations among the original ANEW ratings 
on valence and arousal and their own sample of younger and older adults. Additionally, 
valence and arousal ratings between their younger and older adults did not statistically 
differ. As shown in Table 3, the correlations between the current study’s age groups 
ratings and Bradley and Lang (2010) ratings on valence and arousal were high and 
moderate, respectively. Additionally, the correlations between the current study’s age 
groups ratings on valence and arousal were high. 
Table 3. Correlation coefficients (Pearson r) for arousal and valence ratings. 
 18-19 20-29 30-39 40-49 50-59 60+ 
Bradley & 
Lang (2010) 
18-19  .92 .80 .90 .88 .81 .50 
20-29 .98  .86 .93 .88 .88 .58 
30-39 .96 .98  .89 .79 .90 .74 
40-49 .96 .96 .97  .88 .92 .65 
50-59 .95 .96 .97 .97  .87 .44 
60+ .92 .94 .97 .96 .97  .59 
Bradley & 
Lang (2010) 
.89 .90 .90 .90 .90 .88  
Note. Coefficients above the diagonal are for arousal ratings and coefficients below the 
diagonal are for valence ratings. All ps < .001. 
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Measures 
EC was measured using 20 items adapted from the PANAS (Watson et al., 1988). 
Participants indicated “the extent to which you have felt this way during the past few 
weeks” on a scale ranging from 1 (very slightly or not at all) to 5 (extremely; see 
Appendix B). Participants rated 10 positive emotions (confident, content, calm, bold, 
satisfied, pleased, energetic, happy, and interested) and 10 negative emotions (sad, tired, 
bored, upset, disappointed, nervous, insecure, ashamed, angry, and embarrassed). The 
reliability of the PANASPositive subscale was α = 0.87, 95% CI [0.83, 0.90] and the 
reliability of the PANASNegative subscale was α = 0.85, 95% CI [0.80, 0.89]. Emotional 
complexity scores were computed using the negative acceleration model (NAM; Scott, 
1966) by applying the formula, ([2  S] + 1)/(S + L + 2), where the S is the smaller and L 
is the larger mean affect rating. Higher scores indicate greater emotional complexity.  
The brief 14-item version of the Dialectical Self Scale (DSS; Spencer-Rodgers et 
al., 2015) measures a participants’ tolerance of contradictory thinking in the domain of 
self-perception. Participants were instructed to rate their agreement or disagreement, 1 
(strongly disagree) to 7 (strongly agree), with items such as “I sometimes believe two 
things that contradict each other” (see Appendix C). Previous research has found that 
greater dialectical thinking led to greater emotional complexity (Spencer-Rodgers et al., 
2010). The reliability of the DSS scale was α = 0.74, 95% CI [0.66, 0.80]. 
The Future Time Perspective scale (FTP; Carstensen & Lang, 1996) is a 10-item 
self-report measure of the amount of time individuals feel is left in their lives. 
Participants read each item and on a scale from 1 (very untrue) to 7 (very true) indicated 
“how true is this is of you?” (see Appendix D). I selected the FTP scale because SST 
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predicts that positivity effects should be automatically driven by future time perspective. 
The reliability of the FTP scale was α = 0.89, 95% CI [0.86, 0.92]. 
The Cognitive Age scale (CA; Barak, 1987) measures an individual’s age concept 
expressed in years based upon the functional age dimensions of feel, look, do, and 
interest. Participants were instructed to read four statements and to specify which age 
decade they feel they really belong to: preteens, teens, twenties, thirties, forties, fifties, 
sixties, seventies, or eighties (see Appendix E). A cognitive age score was computed by 
averaging across the four statements. I selected this self-report cognitive age scale 
because previous research by Stephan, Sutin, Caudroit, and Terracciano (2016) found that 
a younger subjective age was associated with better memory performance. Additionally, 
Stephan, Sutin, and Terracciano (2015) found a relationship between the subject 
experience of age and walking speed of older adults, revealing that participants with a 
younger subjective age walked faster. Therefore, these findings indicate that subjective 
age may affect cognitive and behavioral functioning. The reliability of the CA scale was 
α = 0.91, 95% CI [0.88, 0.93]. 
Participants also completed the Controlled Oral Word Association Task 
(COWAT)-FAS (Benton, 1967), a measure of verbal fluency. Participants were 
instructed to name as many words as possible beginning with a given letter (i.e., F, A, 
and S; see Appendix F). Participants were informed that numbers or names of people or 
places would not be counted and not to repeat words with different endings, such as 
please, pleasing, and pleasingly. One minute was allotted for each letter and participants’ 
responses were recorded using Praat (Boersma & Weenink, 2017). The total number of 
all appropriate non-repeated words produced across the three minutes (all three letters) 
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were computed for each participant. The COWAT-FAS has been used as a measure of 
frontal lobe function (Glisky, Polster, & Routhieaux, 1995). 
Participants were also asked to rate each stimulus word on three characteristics: 
personal use, valence, and arousal (see Appendix G; Janschewitz, 2008). Participants 
rated each word on 1-9 scale. Previous research has found that self-report word ratings 
are correlated with participants’ RTs in a modified emotional Stroop mouse-tracking task 
(Tuft, Incera, Fernandes, & McLennan, 2017).  
Mouse Tracking 
In the current experiment, I used the dynamic mouse-tracking paradigm (Spivey 
et al., 2005) to study effects of age, EC, valence, and arousal. MouseTracker (Freeman & 
Ambady, 2010) was used to present the stimuli and recorded mouse trajectories every 13-
17 milliseconds. For every trial, three pieces of information were recorded (Freeman & 
Ambady, 2010, p. 229): raw time (how many ms have passed), the x-coordinate of the 
mouse (in pixels), and the y-coordinate of the mouse (in pixels). The bottom center of the 
screen (where START appeared) was defined as the origin of the coordinate, and the 
right and left edges of the screen had the x-coordinates of -100 and 100, respectively. 
I focused on the following dependent variables: RT, maximum deviation (MD), 
maximum deviation time (MD-time) and IT. RT was measured from the onset of the 
target stimulus (clicking START) until the onset of the final response (clicking the 
response box).2 I used RT to compare my results with previous research. MD measures a 
                                                 
2Previous research (see Jensen & Munro, 1979) has used the term movement time (MT) 
as the interval between moving the mouse after clicking start and clicking a response box. 
Additionally, RT could be defined as the amount of time the participant takes to move the 
computer mouse after clicking start. However, I chose to use a definition of RT that is 
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participant’s deviations from an ideal trajectory (straight line) while performing the task. 
More specifically, MD is the greatest difference between the ideal trajectory and 
deviations in the direction of the other (incorrect) response option. The greater the MD, 
the less efficient the participant is at performing the emotional Stroop task. Both RT and 
MD are thought to reflect attention (i.e., how distracted the participant is by the stimulus 
word). MD-time was calculated as the duration between the onset of the target stimulus 
and the MD point, the moment at which the trajectory is the farthest from the ideal 
trajectory. Thus, MD-time can reflect the time at which a participant decides to choose 
the selected response (i.e., the time at which a participant is no longer distracted by the 
stimulus word). IT was measured from the onset of the target stimulus (clicking START) 
until the initiation of mouse movement. 
Design 
In the current experiment, I used a 3 (Valence: negative, neutral, positive)  3 
(Arousal: low, medium, high)  Age  EC mixed design. Age and EC, continuous 
variables, were  quasi-independent between-participant variables. Valence and arousal 
were within-participant variables.  
Following Incera and McLennan’s (2016) Latin Square design, the response 
alternatives were paired so that all four colors were always present on the screen (e.g., 
“Blue Green”; “Red Yellow”), were written in black ink, and appeared in the top right 
and left corners (See Figure 4). The following three additional response alternatives were 
                                                 
consistent with previous mouse-tracking studies (Freeman & Ambady, 2010; Incera, 
Markis, & McLennan, 2013; Krestar, Incera, & McLennan, 2013). 
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used: “Green Red” and “Yellow Blue”; “Red Yellow” and “Blue Green”; Yellow Blue” 
and Green Red.” Response options were counterbalanced across participants. 
Across participants, each word was presented in each of the four ink colors (blue, 
green, red, yellow) and paralleled the response option counterbalancing. Thus, no single 
participant saw any given word more than once (either in the same ink color or a different 
ink color) across the experiment. For example, if a participant saw the word beauty in 
yellow (see Figure 4), he or she would not see another version of beauty again during the 
experiment. Therefore, the counterbalancing of response options resulted in four versions 
of the experiment. 
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Figure 4. Emotional Stroop task: The top left is an example of a low arousing negative 
trial; the top center is an example of a low arousing neutral trial; the top right is an 
example of a low arousing positive trial; the middle left is an example of a medium 
arousing negative trial; the middle center is an example of a medium arousing neutral 
trial; the middle right is an example of a medium arousing positive trial; the bottom left is 
an example of a high arousing negative trial; the bottom center is an example of a high 
arousing neutral trial; and the bottom right is an example of a high arousing positive trial. 
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Procedure 
 Participants were tested individually in the Language Research Laboratory (LRL). 
First, participants signed the consent form (see Appendix I). Then participants completed 
the PANAS (see Appendix B), DSS (see Appendix C), FTP scale (see Appendix D), 
participant information form (see Appendix J), and the CA scale (see Appendix E) by pen 
and paper. 
Next, participants completed a baseline task and the emotional Stroop task using 
MouseTracker (Freeman & Ambady, 2010). All participants responded to the tasks using 
a laptop in the LRL. There was a baseline task (two blocks) and an emotional Stroop task. 
In order to obtain a baseline measure of mouse trajectories, participants responded to 12 
trials in each baseline block where participants were instructed simply to click on one of 
the two response alternatives labeled “Here” (see Figure 5). I used the baseline measure 
to control for any individual (including age) differences with using the computer mouse 
on each of the dependent measures. The baseline measure was calculated by computing 
the mean across both baseline blocks for each of the dependent measures. In the 
following order, participants completed a pre baseline block, the emotional Stroop task, 
and a post baseline block.  
 
Figure 5. Baseline trial. 
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In the emotional Stroop task, participants were instructed to ignore the meaning of 
the word and to simply click on the color in which the word was printed as quickly and as 
accurately as possible. Four practice trials for the emotional Stroop task consisted of 
participants responding to the ink color for a string of symbols. At the beginning of each 
trial “START” appeared at the bottom-center, and the response options appeared in the 
top left and right corners of the screen. Upon clicking “START”, the stimuli appeared in 
the center (e.g., bored in yellow ink, see Figure 4). Participants were instructed to begin 
moving the mouse immediately after clicking “START.” If a participant took more than 
500 ms to initiate a mouse movement, a warning appeared at the end of that trial 
instructing the participant to start moving the mouse earlier on future trials, consistent 
with other recent mouse-tracking studies (Incera & McLennan, 2016; Incera et al., 2013; 
Freeman & Ambady, 2011). All 108 words were randomly presented. Then, participants 
rated each word on three characteristics: personal use, valence, and arousal (see 
Appendix G). Next, participants completed the COWAT-FAS (see Appendix F). Finally, 
participants were fully debriefed and were provided with a debriefing form (see 
Appendix K). The study took approximately one hour to complete. 
Statistical Analysis 
 All linear mixed effect model analyses were carried out in R (version: 3.4.4; R 
Core Team, 2018) using the lme4 package (1.1-17; Bates, Maechler, Bolker, & Walker, 
2015). Participants and words were entered as random effects. All continuous variables 
were mean centered. For Arousal, low arousal and high arousal were each compared to 
medium arousal. For Valence, negative valence and positive valence were each compared 
to neutral valence.  
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Following Wurm’s (2011) analysis plan, main effects were entered in one block, 
followed by two-way interactions, three-way interactions, and four-way interaction. At 
each block, the entry of effects was simultaneous and significance levels were only 
evaluated at the block at which the effect was entered. Additionally, given that the 
procedure for calculating effect sizes for mixed models is unclear, effect sizes are not 
reported (Wurm, 2011). I used the effects package (version: 4.0-1; Fox, 2003) to 
calculate the effects used in the Figures 10-14. All other analyses were carried out using 
SPSS (version: 21.0). 
  
 41 
 
 
 
 
 
CHAPTER III 
RESULTS 
Ratings 
In order to examine whether there were any age differences on the stimulus 
ratings, two separate 3 (Valence: negative, neutral, positive)  3 (Arousal: low, medium, 
high)  Age (a continuous variable) block-wise multilevel linear mixed-effects analysis 
of covariance’s were performed on participants’ ratings of valence and arousal, with 
participant and word as random effects. At each block, the entry of effects was 
simultaneous and significance levels were only evaluated at the block at which the effect 
was entered. 
Valence Ratings (see Table 4) 
Block 1. The main effect of age was significant (p = .002), such that as 
participants’ age increased, ratings of words were significantly more positive. 
Participants rated high arousing words significantly more positive relative to medium 
arousing words (p < .001). Also, participants rated negative words significantly less 
positive relative to neutral words (p < .001). Additionally, participants rated positive 
words significantly more positive relative to neutral words (p < .001). 
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Block 2. There was a marginally significant High Arousal  Positive Valence 
interaction (p = .086), in which participants tended to rate high arousing positive words 
more positive relative to neutral words. Additionally, there was a significant Age  High 
Arousal interaction (p = .028), such that as participants’ age increased, ratings of high 
arousing words were significantly more positive relative to medium arousing words. 
Also, there was a significant Age  Negative Valence interaction (p = .007), such that as 
participants’ age increased, ratings of negative words were significantly less positive 
relative to neutral words.  
Block 3. The Age  Low Arousal  Negative Valence, the Age  High Arousal  
Negative Valence, and the Age  High Arousal  Positive Valence interactions were 
significant (all ps < .05). More specifically, as participants’ age increased, ratings of low 
arousing negative words, high arousing negative words, and high arousing positive words 
were significantly less positive relative to neutral words. 
As a consequence of the age differences observed in the word ratings of valence, 
participants’ valence ratings were controlled for in the main analyses because I wanted to 
remove the effect of participants’ valence ratings from the effects of interest. 
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Table 4. Summary of the block-wise analysis for the variables of Age  Arousal  
Valence predicting valence ratings. 
Variable B SE CI p 
Block 1     
    Intercept 4.8722 0.1845 4.5106 – 5.2339 < .001 
    Age 0.1515 0.0492 0.0551 – 0.2478 .002 
    Arousal     
   Low 0.1879 0.1953 -0.1949 – 0.5708 .336 
   High -0.8472 0.1953 -1.2300 – -0.4643 < .001 
    Valence     
   Negative -1.7093 0.1953 -2.0921 – -1.3265 < .001 
   Positive 2.2913 0.1953 1.9085 – 2.6741 < .001 
      
Block 2     
    Arousal  Valence     
   Low  Negative 0.2149 0.4707 -0.7077 – 1.1375 .648 
   Low  Positive -0.3515 0.4707 -1.2741 – 0.5711 .455 
   High  Negative 0.4829 0.4707 -0.4398 – 1.4055 .305 
   High  Positive 0.8070 0.4707 -0.1156 – 1.7296 .086 
    Age  Arousal     
   Age  Low 0.0511 0.0312 -0.0101 – 0.1124 .102 
   Age  High 0.0689 0.0313 0.0076 – 0.1302 .028 
    Age  Valence     
   Age  Negative -0.0837 0.0313 -0.1450 – -0.0225 .007 
   Age  Positive 0.0271 0.0313 -0.0342 – 0.0884 .386 
      
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative -0.2032 0.0765 -0.3530 – -0.0533 .008 
   Age  Low  Positive -0.0422 0.0765 -0.1922 – 0.1077 .581 
   Age  High  Negative -0.1907 0.0765 -0.3407 – -0.0407 .013 
   Age  High  Positive -0.2479 0.0765 -0.3979 – -0.0979 .001 
 
Arousal Ratings (see Table 5) 
Block 1. The main effect of Age was significant (p < .001), such that as 
participants’ age increased, ratings of words were more arousing. Participants rated high 
arousing words significantly more arousing relative to medium arousing words (p < 
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.001). Also, participants rated low arousing words as significantly less arousing relative 
to medium arousing words (p < .001). Additionally, participants rated positive words 
significantly more arousing relative to neutral words (p < .001).  
Block 2. There was a significant High Arousal  Positive Valence interaction (p = 
.002), in which participants’ ratings of high arousing positive words were significantly 
less arousing relative to neutral words. Additionally, there was a significant Age  High 
Arousal interaction (p = .041), such that as participants’ age increased, ratings of high 
arousing words were significantly more arousing relative to medium arousing words.  
Block 3. There were no significant Age  Arousal  Valence interactions (all ps > 
.24). 
As a consequence of the age differences observed in the word ratings of arousal, 
participants’ arousal ratings were controlled for in the main analyses because I wanted to 
remove the effect of participants’ arousal ratings from the effects of interest. 
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Table 5. Summary of the block-wise analysis for the variables of Age  Arousal  
Valence predicting arousal ratings. 
Variable B SE CI p 
Block 1     
    Intercept 3.8761 0.2105 3.4634 – 4.2887 < .001 
    Age 0.4269 0.0948 0.2410 – 0.6128 < .001 
    Arousal     
   Low -0.7829 0.2068 -1.1883 – -0.3775 < .001 
   High 1.3392 0.2069 0.9338 – 1.7447 < .001 
    Valence     
   Negative 0.0468 0.2069 -0.3586 – 0.4523 .821 
   Positive 1.5031 0.2069 1.0977 – 1.9085 < .001 
      
Block 2     
    Arousal  Valence     
   Low  Negative 0.1357 0.4812 -0.8073 – 1.0788 .778 
   Low  Positive 0.1958 0.4812 -0.7472 – 1.1389 .684 
   High  Negative -0.4541 0.4812 -1.3972 – 0.4889 .345 
   High  Positive -1.4875 0.4812 -2.4306 – -0.5444 .002 
    Age  Arousal     
   Age  Low 0.0641 0.0443 -0.0227 – 0.1510 .148 
   Age  High 0.0906 0.0443 -0.0037 – 0.1774 .041 
    Age  Valence     
   Age  Negative 0.0166 0.0443 -0.0702 – 0.1035 .707 
   Age  Positive -0.0002 0.0443 -0.0871 – 0.0867 .996 
      
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative -0.1260 0.1085 -0.3386 – 0.0867 .246 
   Age  Low  Positive 0.0303 0.1086 -0.1825 – 0.2431 .780 
   Age  High  Negative -0.0648 0.1086 -0.2777 – 0.1480 .550 
   Age  High  Positive -0.0166 0.1087 -0.2296 – 0.1964 .878 
 
Data Screening 
 There were 12 trials per condition (negative low arousing words, negative 
medium arousing words, negative high arousing words, neutral low arousing words, 
neutral medium arousing words, neutral high arousing words, positive low arousing 
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words, positive medium arousing words, and positive high arousing words) for a total of 
108 target trials for each participant. Thus, there were a total of 12,852 target trials. 
Consistent with previous research (Freeman & Ambady, 2010; Incera et al., 2013; Incera 
& McLennan, 2018; Krestar et al., 2013), incorrect responses, RTs greater than 5,000 ms, 
and ITs greater than 500 ms were removed (see Tables 6-8).  
Table 6. Number of incorrect responses, exclusions, and the final percent of trials included 
in the analysis (for every experimental condition). 
  Low Arousal  Medium Arousal  High Arousal     
 Neg Neu Pos  Neg Neu Pos  Neg Neu Pos  Total  B 
                # of 
Trials 
1,428 1,428 1,428  1,428 1,428 1,428  1,428 1,428 1,428 
 
12,852 
 
2,856 
                
Incorrect 7 5 8  7 10 7  6 7 4  61  0 
                RT > 
5000 ms 
4 2 4  4 2 6  1 2 0  25  10 
                IT >  
500 ms 
22 21 26  21 29 27  27 25 22  218  16 
                Included 
(%) 
98 98 97  98 97 97  98 98 98  98  99 
Note: Neg = Negative valence, Neu = Neutral valence, Pos = Positive valence, B = 
Baseline 
 
Table 7. Number of incorrect responses, exclusions, and the final percent of target trials 
included in the analysis across age groups. 
 18-19  20-29  30-39  40-49  50-59  60+ 
            
# of Trials 2160  2160  2160  2160  2052  2160 
            
Incorrect 9  23  6  14  6  3 
            
RT > 5000 ms 1  0  0  2  1  21 
            
IT > 500 ms 3  5  35  97  5  73 
            
Included (%) 99  99  98  95  99  96 
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Table 8. Number of incorrect responses, exclusions, and the final percent of baseline 
trials across age groups. 
 18-19  20-29  30-39  40-49  50-59  60+ 
            
# of Trials 480  480  480  480  456  480 
            
Incorrect 0  0  0  0  0  0 
            
RT > 5000 ms 2  0  0  1  0  7 
            
IT > 500 ms 0  1  1  3  3  8 
            
Included (%) > 99  > 99  > 99  99  99  97 
 
Baseline Analyses 
 I examined the correlations of the baselines of RT, MD, MD-time, and IT with 
Age. As shown in Figure 6, the baseline RT was significantly correlated with Age (r = 
.680, p < .001), such that as participants’ age increased so too did the baseline RT. 
 
Figure 6. Scatterplot of Age and baseline RT. 
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 As shown in Figure 7, the baseline MD was significantly correlated with Age (r = 
-.270, p = .003), such that as age decreases there is a tendency for participants to deviate 
from the ideal trajectory in a way that is closer to the other (incorrect) response option.  
 
Figure 7. Scatterplot of Age and baseline MD. 
 As shown in Figure 8, the baseline MD-time was significantly correlated with 
Age (r = .603, p < .001), such that as participants’ age increased so too did the baseline 
MD-time. 
 
 49 
 
Figure 8. Scatterplot of Age and baseline MD-time. 
As shown in Figure 9, the baseline ITs were significantly correlated with Age (r = 
.205, p = .025), such that as participants’ age increased so too did the baseline ITs. 
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Figure 9. Scatterplot of Age and baseline IT. 
As a consequence of the age differences observed in the three measures of 
baseline, the baseline for each dependent variable was controlled for in the main analyses 
because I wanted to remove the effect of participants’ baseline from the effects of 
interest. 
Age  Arousal  Valence Analyses 
Four separate 3 (Valence: negative, neutral, positive)  3 (Arousal: low, medium, 
high)  Age block-wise multilevel linear mixed-effects analysis of covariance’s were 
performed on RTs, MDs, MD-times, and ITs with participant and word as random 
effects. As mentioned previously, I controlled for participants’ baseline, participants’ 
valence ratings, and participants’ arousal ratings.  
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Reaction Time (see Table 9) 
Block 1. The main effects of Age, Arousal, and Valence were not significant (all 
ps > .11). 
Block 2. There was a significant Age  Low Arousal interaction (p = .016), in 
which as participants’ age increased responses were significantly faster to low arousing 
words relative to medium arousing words (see Figure 10). Additionally, there was a 
significant Age  Negative Valence interaction (p = .032), such that as participants’ age 
increased responses were significantly faster to negative words relative to neutral words 
(see Figure 11). There were no other two-way interactions that were significant (all ps > 
.15). 
Block 3. None of the Age  Arousal  Valence interactions were significant (all 
ps > .14). 
 
Figure 10. Age  Arousal interaction for RT. Age was not a categorical variable for the 
analysis. The error bars represent the 95% Confidence Interval. 
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Figure 11. Age  Valence interaction for RT. Age was not a categorical variable for the 
analysis. The error bars represent the 95% Confidence Interval. 
Table 9. Summary of the block-wise analysis for the variables of Age  Arousal  
Valence predicting RT. 
Variable B SE CI p 
Block     
    Intercept 1257.31 18.26 1221.72 – 1292.89 < .001 
    Baseline 309.41 22.68 265.17 – 353.66 < .001 
    Arousal Ratings 0.53 3.80 -6.91 – 7.98 .890 
    Valence Ratings -1.89 4.57 -10.86 – 7.05 .680 
    Age -21.36 23.43 -67.07 – 24.35 .364 
    Arousal     
   Low -10.52 7.52 -25.21 – 4.19 .165 
   High -12.53 7.91 -27.99 – 2.92 .116 
    Valence     
   Negative 2.80 8.10 -13.04 – 18.62 .730 
   Positive -10.45 8.61 -6.37 – 27.29 .227 
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Block 2     
    Arousal  Valence     
   Low  Negative -25.72 18.09 -61.18 – 9.72 .155 
   Low  Positive 17.41 18.13 -18.10 – 52.93 .337 
   High  Negative -0.49 18.16 -36.06 – 35.09 .979 
   High  Positive 12.35 18.36 -23.61 – 48.33 .501 
    Age  Arousal     
   Age  Low -17.81 7.40 -32.30 – -3.32 .016 
   Age  High -8.02 7.39 -29.41 – 6.46 .278 
    Age  Valence     
   Age  Negative -15.86 7.39 -30.33 – -1.39 .032 
   Age  Positive 3.12 7.40 -11.38 – 17.61 .673 
      
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative 1.50 18.09 -33.94 – 36.93 .933 
   Age  Low  Positive 1.34 18.15 -34.22 – 36.89 .941 
   Age  High  Negative 26.35 18.11 -9.12 – 61.82 .146 
   Age  High  Positive 13.31 18.13 -22.20 – 48.83 .463 
 
Maximum Deviation (see Table 10) 
Block 1. There was a significant main effect of Age, such that as participants’ age 
increased, responses were less deviated (further from incorrect response). There was a 
significant simple effect of Positive Valence (p = .040), where participants tended to be 
less deviated towards positive words relative to neutral words. There were no other 
significant main effects (all ps = .18).  
Block 2. There were no significant two-way interactions (all ps > .11).  
Block 3. There were no significant three-way interactions (all ps > .31). 
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Table 10. Summary of the block-wise analysis for the variables of Age  Arousal  
Valence predicting MD. 
Variable B SE CI p 
Block 1     
    Intercept 0.4160 0.0155 0.3861 – 0.4459 < .001 
    Baseline 0.0407 0.0126 0.0160 – 0.0653 .002 
    Arousal Ratings -0.0065 0.0049 -0.0161 – 0.0032 .189 
    Valence Ratings 0.0005 0.0060 -0.0115 – 0.0122 .931 
    Age -0.0813 0.0127 -0.1059 – -0.0566 < .001 
    Arousal     
   Low -0.0036 0.0113 -0.0254 – 0.0182 .748 
   High -0.0067 0.0117 -0.0294 – 0.0160 .571 
    Valence     
   Negative 0.0138 0.0119 -0.0094 – 0.0369 .249 
   Positive 0.0261 0.0126 -0.0018 – 0.0505 .040 
      
Block 2     
    Arousal  Valence     
   Low  Negative -0.0311 0.0270 -0.0823 – 0.0201 .251 
   Low  Positive 0.0318 0.0270 -0.0194 – 0.0830 .242 
   High  Negative -0.0359 0.0270 -0.0871 – 0.0155 .188 
   High  Positive -0.0109 0.0273 -0.0626 – 0.0409 .690 
    Age  Arousal     
   Age  Low -0.0089 0.0095 -0.0275 – 0.0097 .349 
   Age  High -0.0120 0.0095 -0.0306 – 0.0066 .206 
    Age  Valence     
   Age  Negative -0.0148 0.0095 -0.0334 – 0.0038 .118 
   Age  Positive -0.0077 0.0095 -0.0263 – 0.0109 .415 
      
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative -0.0231 0.0232 -0.0685 – 0.0224 .320 
   Age  Low  Positive -0.0123 0.0233 -0.0579 – 0.0333 .597 
   Age  High  Negative 0.0119 0.0232 -0.0337 – 0.0574 .609 
   Age  High  Positive -0.0113 0.0233 -0.0569 – 0.0342 .627 
 
Maximum Deviation Time (see Table 11) 
There were no significant main effects, two-way interactions, or three-way 
interactions for MD-time (all ps > .13).  
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Table 11. Summary of the block-wise analysis for the variables of Age  Arousal  
Valence predicting MD-time. 
Variable B SE CI p 
Block 1     
    Intercept 565.17 9.94 545.86 – 584.48 < .001 
    Baseline 131.50 11.02 110.02 – 153.00 < .001 
    Arousal Ratings -1.51 2.17 -5.75 – 2.74 .487 
    Valence Ratings -1.86 2.63 -7.10 – 3.24 .480 
    Age -2.90 11.47 -25.27 – 19.48 .801 
    Arousal     
   Low -2.07 4.64 -11.04 – 6.91 .656 
   High -6.08 4.84 -15.47 – 3.29 .212 
    Valence     
   Negative -3.18 4.95 -12.78 – 6.40 .522 
   Positive 4.82 5.23 -5.32 – 14.98 .358 
      
Block 2     
    Arousal  Valence     
   Low  Negative -1.61 11.34 -23.15 – 19.93 .887 
   Low  Positive 11.96 11.36 -9.63 – 33.51 .295 
   High  Negative -2.97 11.38 -24.57 – 18.64 .794 
   High  Positive 4.01 11.48 -17.77 – 25.85 .727 
    Age  Arousal     
   Age  Low -1.21 4.18 -9.40 – 6.99 .774 
   Age  High -4.06 4.18 -12.25 – 4.13 .331 
    Age  Valence     
   Age  Negative -6.23 4.18 -14.41 – 1.95 .136 
   Age  Positive 0.58 4.18 -7.61 – 8.78 .890 
      
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative -5.20 10.23 -25.26 – 14.82 .611 
   Age  Low  Positive -3.46 10.26 -23.59 – 16.62 .736 
   Age  High  Negative 5.78 10.24 -14.29 – 25.83 .572 
   Age  High  Positive 10.03 10.25 -10.07 – 30.10 .328 
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Initiation Time (see Table 12) 
Block 1. There was a significant main effect of Age, such that as participants’ age 
increased, initiation times were significantly faster (p = .005). There were no other 
significant main effects (all ps > .31).  
Block 2. There were no significant  two-way interactions (all ps > .49). 
Block 3. There was a marginally significant Age  High Arousal  Positive 
Valence, such that as participants’ age increased, initiation times tended to be slower to 
high arousing positive words relative to neutral words. No other significant three-way 
interactions (all ps > .20). 
Table 12. Summary of the block-wise analysis for the variables of Age  Arousal  
Valence predicting IT. 
Variable B SE CI p 
Block     
    Intercept 124.55 5.50 113.86 – 135.25 < .001 
    Baseline 17.22 5.23 7.02 – 27.41 .001 
    Arousal Ratings -0.63 1.08 -2.74 – 1.48 .557 
    Valence Ratings 0.20 1.30 -2.34 – 2.74 .879 
    Age -15.35 5.31 -25.71 – -5.00 .005 
    Arousal     
   Low 0.72 2.17 -3.49 – 4.93 .740 
   High 0.43 2.28 -3.99 – 4.86 .850 
    Valence     
   Negative 0.17 2.34 -4.36 – 4.69 .942 
   Positive -2.48 2.48 -7.28 – 2.33 .318 
      
Block 2     
    Arousal  Valence     
   Low  Negative 0.04 5.33 -10.07 – 10.15 .994 
   Low  Positive 2.82 5.33 -7.32 – 12.94 .599 
   High  Negative -3.63 5.34 -13.77 – 6.52 .499 
   High  Positive 1.10 5.40 -9.16 – 11.36 .839 
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    Age  Arousal     
   Age  Low -0.99 2.10 -5.09 – 3.12 .638 
   Age  High -0.89 2.09 -4.99 – 3.21 .670 
    Age  Valence     
   Age  Negative -1.34 2.09 -5.43 – 2.77 .523 
   Age  Positive 0.27 2.10 -3.83 – 4.38 .897 
      
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative 3.88 5.12 -6.16 – 13.91 .449 
   Age  Low  Positive -4.93 5.14 -15.00 – 5.14 .337 
   Age  High  Negative 6.41 5.13 -3.64 – 16.45 .211 
   Age  High  Positive 9.18 5.13 -0.88 – 19.23 .074 
Age  EC  Arousal  Valence Analyses 
Four separate 3 (Valence: negative, neutral, positive)  3 (Arousal: low, medium, 
high)  Age  EC block-wise multilevel linear mixed-effects analysis of covariance’s 
were performed on RTs, MDs, MD-times, and ITs, with participant and word as random 
effects.3 As mentioned previously, I controlled for the participants’ baseline, participants’ 
valence ratings, and participants’ arousal ratings.  
Reaction Time (see Table 13) 
 Block1. There were no significant main effects of Age, EC, Arousal, or Valence 
(all ps > .10). 
Block 2. There was a significant Age  Low Arousal interaction (p = .023), such 
that as participants’ age increased, responses were significantly faster to low arousing 
words relative to medium arousing words. Additionally, there was a significant Age  
                                                 
3 I chose to examine the EC measure because theoretically this measure was most directly 
related to evaluating DIT, in which there are specific predictions with regards to EC. The 
other measures (i.e., FTP, DSS, COWAT-FAS, and CA) are for subsequent analyses that 
are beyond the scope of the dissertation. 
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Negative Valence interaction (p = .020), such that as participants’ age increased, 
responses were significantly faster to negative words relative to neutral words. The Age  
EC interaction was significant (p = .042), such that as age and EC increased, participants’ 
responses were significantly faster. No other two-way interactions were significant (all ps 
> .14). 
Block 3. The Age  High Arousal  Negative Valence interaction was significant 
(p = .043), such that as age increased, participants responded slower to high arousing 
negative words relative to neutral words. The EC  Low Arousal  Negative Valence and 
the EC  Low Arousal  Positive Valence interactions were significant (ps = .017 & 
.004), such that as participants’ EC increased, responses were significantly slower to both 
low arousing negative and positive words relative to neutral words. Additionally, there 
was a significant EC  High Arousal  Negative Valence interaction (p = .031), such that 
as participants’ EC increased, responses were significantly slower to high arousing 
negative words relative to neutral words. The Age  EC  Positive Valence interaction 
was significant (p = .044), such that as age and EC increased, participants responded 
faster to positive words relative to neutral words. No other three-way interactions were 
significant (all ps > .24).  
Block 4. There was a significant Age  EC  Low Arousal  Positive Valence 
interaction (p = .048). More specifically, as participants’ age and ECs increased, 
responses were significantly slower to low arousing positive words relative to neutral 
words (see Figures 12-14). No other four-way interactions were significant (all ps > .31). 
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Figure 12. Age  Valence interaction for low arousing words when EC was low for RT. 
EC and Age were not categorical for the analysis. The error bars represent the 95% 
Confidence Interval. 
 
 
Figure 13. Age  Valence interaction for low arousing words when EC was average for 
RT. EC and Age were not categorical for the analysis. The error bars represent the 95% 
Confidence Interval. 
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Figure 14. Age  Valence interaction for low arousing words when EC was high for RT. 
EC and Age were not categorical for the analysis. The error bars represent the 95% 
Confidence Interval. 
Table 13. Summary of the block-wise analysis for the variables of Age  EC  Arousal  
Valence predicting RT. 
Variable B SE CI p 
Block 1     
    Intercept 1257.18 18.30 1221.64 – 1292.71 < .001 
    Baseline 309.42 22.74 265.25 – 353.60 < .001 
    Arousal Ratings 0.51 3.80 -6.92 – 7.97 .892 
    Valence Ratings -1.91 4.57 -10.89 – 7.03 .676 
    Age -24.73 24.09 -71.52 – 22.05 .307 
    EC -11.42 17.97 -46.33 – 23.49 .526 
    Arousal     
   Low -10.52 7.52 -25.21 – 4.18 .165 
   High -12.53 7.91 -27.99 – 2.91 .116 
    Valence     
   Negative 2.79 8.10 -13.05 – 18.61 .731 
   Positive 10.48 8.61 -6.35 – 27.32 .225 
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Block 2     
    Arousal  Valence     
   Low  Negative -25.71 18.09 -61.16 – 9.73 .155 
   Low  Positive 17.42 18.13 -18.09 – 52.93 .337 
   High  Negative -0.36 18.16 -35.93 – 35.22 .984 
   High  Positive 12.53 18.36 -23.42 – 48.52 .495 
    Age  Arousal     
   Age  Low -17.58 7.74 -32.73 – -2.42 .023 
   Age  High -10.95 7.73 -26.09 – 4.20 .157 
    Age  Valence     
   Age  Negative -17.93 7.73 -33.07 – -2.80 .020 
   Age  Positive 1.93 7.75 -13.24 – 17.10 .804 
    EC  Arousal     
   EC  Low  0.79 7.74 -14.38 – 15.93 .919 
   EC  High -9.93 7.73 -25.08 – 5.21 .199 
    EC  Valence     
   EC  Negative -7.14 7.74 -22.29 – 8.01 .356 
   EC  Positive -4.19 7.74 -19.36 – 10.97 .588 
    Age  EC -34.08 16.55 -66.09 – -2.07 .042 
     
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative 14.66 18.90 -22.34 – 51.65 .438 
   Age  Low  Positive 17.66 18.98 -19.51 – 54.82 .352 
   Age  High  Negative 38.38 18.95 1.29 – 75.47 .043 
   Age  High  Positive 16.96 18.96 -20.17 – 54.08 .371 
    EC  Arousal  Valence     
   EC  Low  Negative 45.10 18.90 8.11 – 82.10 .017 
   EC  Low  Positive 55.36 18.97 18.22 – 92.50 .004 
   EC  High  Negative 40.95 18.96 3.83 – 78.08 .031 
   EC  High  Positive 12.23 18.95 -24.88 – 49.33 .519 
    Age  EC  Arousal     
   Age  EC  Low 1.94 7.21 -12.18 – 16.06 .788 
   Age  EC  High -8.25 7.19 -22.32 – 5.83 .251 
    Age  EC  Valence     
   Age  EC  Negative -7.72 7.19 -21.81 – 6.36 .283 
   Age  EC  Positive -14.55 7.24 -28.72 – -0.39 .044 
      
Block 4     
    Age  EC  Arousal  Valence     
   Age  EC  Low  Negative -8.88 17.58 -43.29 – 25.53 .613 
   Age  EC  Low  Positive 35.05 17.75 0.31 – 69.78 .048 
   Age  EC  High  Negative 13.76 17.67 -20.82 – 48.34 .436 
   Age  EC  High  Positive 17.49 17.66 -17.07 – 52.05 .322 
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Maximum Deviation (see Table 14) 
 Block 1. There was a significant main effect of Age (p < .001), such that as 
participants’ age increased, responses were less deviated towards the incorrect response. 
There was a significant main effect of EC (p = .046), such that as participants’ EC 
increased, responses trended in the direction of being less efficient. There was also a 
significant effect of Positive Valence (p = .041), such that participants’ responses were 
more deviated to positive words relative to neutral words. There were no other significant 
main effects (all ps > .18). 
Block 2. There were no significant two-way interactions (all ps > .14). 
Block 3. There were no significant three-way interactions (all ps > .13). 
Block 4. There was a marginally significant Age  EC  Low Arousal  Negative 
Valence interaction (p = .092). More specifically, as participants’ age and EC increased, 
responses were significantly more deviated to low arousing negative words relative to 
neutral words. There was a significant Age  EC  Low Arousal  Positive Valence 
interaction (p = .033). More specifically, as participants’ age and EC increased, responses 
were significantly deviated to low arousing positive words relative to neutral words. No 
other four-way interactions were significant (all ps > .67). 
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Table 14. Summary of the block-wise analysis for the variables of Age  EC  Arousal  
Valence predicting MD. 
Variable B SE CI p 
Block 1     
    Intercept 0.4163 0.0153 0.3867 – 0.4459 < .001 
    Baseline 0.0458 0.0127 0.0211 – 0.0706 < .001 
    Arousal Ratings -0.0064 0.0049 -0.0160 – 0.0033 .196 
    Valence Ratings 0.0007 0.0060 -0.0113 – 0.0124 .906 
    Age -0.0723 0.0133 -0.0980 – -0.0465 < .001 
    EC 0.0258 0.0128 0.0009 – 0.0507 .046 
    Arousal     
   Low -0.0036 0.0113 -0.0254 – 0.0182 .750 
   High -0.0066 0.0117 -0.0293 – 0.0160 .572 
    Valence     
   Negative 0.0140 0.0120 -0.0093 – 0.0370 .245 
   Positive 0.0258 0.0126 0.0016 – 0.0503 .041 
      
Block 2     
    Arousal  Valence     
   Low  Negative -0.0312 0.0270 -0.0823 – 0.0200 .250 
   Low  Positive 0.0318 0.0270 -0.0194 – 0.0831 .241 
   High  Negative -0.0360 0.0270 -0.0872 – 0.0154 .186 
   High  Positive -0.0109 0.0273 -0.0626 – 0.0409 .689 
    Age  Arousal     
   Age  Low -0.0074 0.0099 -0.0268 – 0.0121 .456 
   Age  High -0.0079 0.0099 -0.0273 – 0.0115 .426 
    Age  Valence     
   Age  Negative -0.0122 0.0099 -0.0316 – 0.0072 .220 
   Age  Positive -0.0044 0.0099 -0.0238 – 0.0151 .661 
    EC  Arousal     
   EC  Low  0.0051 0.0099 -0.0143 – 0.0246 .607 
   EC  High 0.0140 0.0099 -0.0054 – 0.0335 .158 
    EC  Valence     
   EC  Negative 0.0091 0.0099 -0.0104 – 0.0285 .362 
   EC  Positive 0.0116 0.0099 -0.0079 – 0.0310 .245 
    Age  EC -0.0075 0.0119 -0.0306 – 0.0155 .529 
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Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative -0.0194 0.0243 -0.0669 – 0.0281 .423 
   Age  Low  Positive -0.0117 0.0244 -0.0593 – 0.0361 .632 
   Age  High  Negative 0.0096 0.0243 -0.0381 – 0.0572 .694 
   Age  High  Positive -0.0202 0.0243 -0.0679 – 0.0275 .407 
    EC  Arousal  Valence     
   EC  Low  Negative 0.0129 0.0243 -0.0346 – 0.0604 .594 
   EC  Low  Positive 0.0018 0.0244 -0.0458 – 0.0495 .940 
   EC  High  Negative -0.0071 0.0243 -0.0548 – 0.0406 .771 
   EC  High  Positive -0.0296 0.0243 -0.0772 – 0.0180 .224 
    Age  EC  Arousal     
   Age  EC  Low 0.0069 0.0093 -0.0112 – 0.0250 .455 
   Age  EC  High 0.0133 0.0092 -0.0048 – 0.0314 .149 
    Age  EC  Valence     
   Age  EC  Negative 0.0047 0.0092 -0.0134 – 0.0227 .612 
   Age  EC  Positive 0.0075 0.0093 -0.0107 – 0.0257 .420 
      
Block 4     
    Age  EC  Arousal  Valence     
   Age  EC  Low  Negative 0.0381 0.0226 -0.0061 – 0.0823 .092 
   Age  EC  Low  Positive 0.0486 0.0228 0.0041 – 0.0933 .033 
   Age  EC  High  Negative -0.0092 0.0227 -0.0536 – 0.0352 .684 
   Age  EC  High  Positive 0.0011 0.0227 -0.0432 – 0.0455 .960 
 
Maximum Deviation Time (see Table 15) 
 Block 1. There were no significant main effects for MD-time (all ps > .20). 
Block 2. There was a marginally significant Age  Negative Valence interaction 
(p = .081), such that as participants’ age increased, there was a trend for the MD-times of 
negative words to occur earlier relative to neutral words. No other two-way interactions 
were significant (all ps > .12). 
Block 3. There was a significant EC  High Arousal  Negative Valence 
interaction (p = .021). More specifically, as participants’ EC increased, the MD-times for 
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high arousing negative words occurred later in the trials relative to the MD-times for 
neutral words. There were no other significant three-way interactions (all ps > .21). 
Block 4. There was a significant Age  EC  Low Arousal  Positive Valence 
interaction (p = .003), such that as participants’ age and EC increased, MD-times for low 
arousing positive words occurred later relative to the MD-times for neutral words. 
Additionally, there was a significant Age  EC  High Arousal  Negative Valence 
interaction (p < .001) and a significant Age  EC  High Arousal  Positive Valence 
interaction (p = .001). More specifically, as participants’ age and EC increased, MD-
times for high arousing negative and positive words occurred later relative to the MD-
times for neutral words. The Age  EC  Low Arousal  Negative Valence interaction 
was not significant (p = .120). 
Table 15. Summary of the block-wise analysis for the variables of Age  EC  Arousal  
Valence predicting MD-time. 
Variable B SE CI p 
Block 1     
    Intercept 565.13 9.97 545.82 – 584.42 < .001 
    Baseline 131.49 11.06 110.02 – 152.97 < .001 
    Arousal Ratings -1.51 2.17 -5.76 – 2.73 .485 
    Valence Ratings -1.87 2.63 -7.11 – 3.23 .477 
    Age -4.15 11.85 -27.17 – 18.85 .727 
    EC -4.30 9.58 -22.91 – 14.31 .655 
    Arousal     
   Low -2.07 4.64 -11.05 – 6.91 .656 
   High -6.08 4.84 -15.47 – 3.29 .211 
    Valence     
   Negative -3.19 4.95 -12.79 – 6.40 .521 
   Positive 4.83 5.23 -5.30 – 14.99 .357 
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Block 2     
    Arousal  Valence     
   Low  Negative -1.63 11.35 -23.15 – 19.93 .887 
   Low  Positive 11.97 11.36 -9.63 – 33.52 .295 
   High  Negative -2.94 11.38 -24.53 – 18.68 .797 
   High  Positive 4.10 11.48 -17.69 – 25.94 .722 
    Age  Arousal     
   Age  Low -0.69 4.37 -9.27 – 7.87 .874 
   Age  High -4.05 4.37 -12.61 – 4.52 .354 
    Age  Valence     
   Age  Negative -7.62 4.37 -16.18 – 0.94 .081 
   Age  Positive 0.36 4.38 -8.22 – 8.94 .935 
    EC  Arousal     
   EC  Low  1.72 4.37 -6.85 – 10.29 .694 
   EC  High 0.06 4.37 -8.51 – 8.62 .990 
    EC  Valence     
   EC  Negative -4.77 4.37 -13.34 – 3.80 .276 
   EC  Positive -0.79 4.38 -9.37 – 7.78 .857 
    Age  EC -13.42 8.91 -30.65 – 3.81 .135 
     
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative -2.35 10.69 -23.31 – 18.56 .826 
   Age  Low  Positive -3.28 10.74 -24.33 – 17.72 .760 
   Age  High  Negative 13.08 10.72 -7.92 – 34.05 .222 
   Age  High  Positive 9.85 10.73 -11.18 – 30.83 .359 
    EC  Arousal  Valence     
   EC  Low  Negative 9.62 10.69 -11.32 – 30.55 .368 
   EC  Low  Positive 0.68 10.73 -20.33 – 21.70 .950 
   EC  High  Negative 24.76 10.73 3.74 – 45.76 .021 
   EC  High  Positive -0.86 10.72 -21.87 – 20.12 .936 
    Age  EC  Arousal     
   Age  EC  Low -3.55 4.08 -11.54 – 4.43 .384 
   Age  EC  High -1.99 4.07 -9.95 – 5.97 .624 
    Age  EC  Valence     
   Age  EC  Negative 1.65 4.07 -6.33 – 9.61 .685 
   Age  EC  Positive -1.68 4.09 -9.69 – 6.34 .682 
      
Block 4     
    Age  EC  Arousal  Valence     
   Age  EC  Low  Negative 15.46 9.94 -3.99 – 34.93 .120 
   Age  EC  Low  Positive 30.17 10.03 10.52 – 49.80  .003 
   Age  EC  High  Negative 37.12 9.99 17.56 – 56.67 < .001 
   Age  EC  High  Positive 34.53 9.98 14.98 – 54.07 .001 
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Initiation Time (see Table 16) 
Block 1. There was a significant main effect of Age, such that as participants’ age 
increased, ITs were significantly faster (p = .001). There were no other significant main 
effects (all ps ≥ .10).  
Block 2. There was a marginally significant EC  High Arousal interaction (p = 
.051), such that as EC increased, ITs tended to be slower to high arousing words relative 
to medium arousing words. There was a significant EC  Positive Valence interaction (p 
= .011), such that as EC increased, ITs tended to be faster for positive words relative to 
medium arousing words. There were no other significant two-way interactions (all ps > 
.23). 
Block 3. There was a marginally significant Age  High Arousal  Positive 
Valence interaction (p = .085), such that as participants’ age increased, ITs tended to be 
slower for high arousing positive words relative to neutral words. There were no other 
significant three-way interactions (all ps > .17). 
Block 4. There was a significant Age  EC  Low Arousal  Negative Valence 
interaction (p = .005), such that as age and EC increased, ITs were faster for low arousing 
negative words relative to neutral words. There were no other significant four-way 
interactions (all ps > .17). 
 
 
 
 
 68 
Table 16. Summary of the block-wise analysis for the variables of Age  EC  Arousal  
Valence predicting IT. 
Variable B SE CI p 
Block 1     
    Intercept 124.44 5.46 113.86 – 135.03 < .001 
    Baseline 17.65 5.20 7.55 – 27.74 < .001 
    Arousal Ratings -0.64 1.08 -2.75 – 1.47 .551 
    Valence Ratings 0.18 1.30 -2.36 – 2.72 .889 
    Age -18.05 5.52 -28.78 – -7.33 .001 
    EC -8.86 5.39 -19.32 – 1.61 .103 
    Arousal     
   Low 0.72 2.17 -3.49 – 4.93 .742 
   High 0.43 2.28 -3.99 – 4.85 .851 
    Valence     
   Negative 0.16 2.34 -4.37 – 4.68 .946 
   Positive -2.46 2.48 -7.26 – 2.35 .323 
      
Block 2     
    Arousal  Valence     
   Low  Negative 0.04 5.33 -10.08 – 10.15 .995 
   Low  Positive 2.75 5.34 -7.39 – 12.89 .607 
   High  Negative -3.64 5.35 -13.80 – 6.51 .497 
   High  Positive 1.06 5.40 -9.21 – 11.32 .845 
    Age  Arousal     
   Age  Low -0.27 2.19 -4.56 – 4.02 .903 
   Age  High 0.37 2.19 -3.92 – 4.66 .866 
    Age  Valence     
   Age  Negative -1.43 2.19 -5.71 – 2.86 .512 
   Age  Positive -1.38 2.19 -5.67 – 2.92 .528 
    EC  Arousal     
   EC  Low  2.53 2.19 -1.77 – 6.82 .248 
   EC  High 4.26 2.19 -0.03 – 8.55 .051 
    EC  Valence     
   EC  Negative -0.28 2.19 -4.57 – 4.01 .898 
   EC  Positive -5.59 2.19 -9.88 – -1.29 .011 
    Age  EC 0.46 5.09 -9.39 – 10.30 .929 
     
Block 3     
    Age  Arousal  Valence     
   Age  Low  Negative 3.78 5.35 -6.70 – 14.26 .480 
   Age  Low  Positive -6.00 5.38 -16.52 – 4.53 .264 
   Age  High  Negative 7.04 5.37 -3.46 – 17.55 .189 
   Age  High  Positive 9.26 5.37 -1.26 – 19.77 .085 
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    EC  Arousal  Valence     
   EC  Low  Negative -0.25 5.35 -10.72 – 10.24 .346 
   EC  Low  Positive -3.34 5.37 -13.85 – 7.18 .518 
   EC  High  Negative 2.22 5.37 -8.28 – 12.75 .679 
   EC  High  Positive 0.38 5.37 -10.12 – 10.90 .944 
    Age  EC  Arousal     
   Age  EC  Low 1.20 2.04 -2.80 – 5.20 .558 
   Age  EC  High 0.38 2.04 -3.61 – 4.37 .852 
    Age  EC  Valence     
   Age  EC  Negative 2.68 2.04 -1.30 – 6.68 .188 
   Age  EC  Positive -1.33 2.05 -5.33 – 2.69 .518 
      
Block 4     
    Age  EC  Arousal  Valence     
   Age  EC  Low  Negative -14.09 4.98 -23.84 – 4.35 .005 
   Age  EC  Low  Positive 0.72 4.98 -9.12 – 10.55 .886 
   Age  EC  High  Negative -6.70 5.00 -16.49 – 3.04 .181 
   Age  EC  High  Positive -0.94 5.00 -10.73 – 8.84 .850 
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CHAPTER IV 
DISCUSSION 
The purpose of the current study was to measure positivity effects in an 
attentional measure by manipulating the valence and arousal of the stimulus words in an 
emotional Stroop task, and to do so by testing the competing predictions of SST and DIT.  
According to SST, positivity effects reflect older adults’ greater focus on regulating 
emotion, which is the result of greater use of controlled processes and available cognitive 
resources (Knight et al., 2007). According to DIT, older adults may show positivity 
effects as a way to simplify their information processing due to age-related cognitive 
decline (Labouvie-Vief et al., 2009; Wurm, 2011). The current study provides evidence 
of positivity effects that reflect both an increased focus on positive information and away 
from negative information. 
Evaluation of SST Predictions 
SST Prediction 1—Supported 
Based on previous research in support of SST (Carstensen et al., 2011; LaMonica 
et al., 2010), a linear effect of age was expected for any effects involving valence. For 
example, any differences between positive and neutral words were expected to increase 
linearly with increasing age, due to increasing emotion motivated goals. In the current 
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study, a linear effect of age was observed (see Figure 11). More specifically, with 
increasing age, participants responded more efficiently to negative words relative to 
neutral words.  
SST Prediction 2—Not Supported  
Based on previous research (Kensinger, 2008), a significant Valence  Arousal  
Age interaction was predicted, because low arousal words require fewer cognitive 
resources to process, which means there should be more cognitive resources available to 
devote to emotional related goals. 
SST Prediction 2a. Specifically, the negative and positive words were expected to 
be responded to less efficiently (slower RTs, less direct mouse movements, or both) 
relative to neutral words for high arousal words, regardless of age. In other words, 
additional attentional resources are used to process the positive and negative words 
relative to the neutral words, and this effect would be consistent across the adult lifespan 
for words high in arousal. In the current study, there was no evidence that high arousing 
positive and negative words were responded to slower or less efficiently relative to 
neutral words, regardless of age. 
SST Prediction 2b. For words low in arousal, as age increased, participants were 
expected to respond less efficiently to positive words relative to neutral words because 
older adults’ attention is captured and sustained by positive information. In the current 
study, as age increased, participants did not respond to low arousal positive words slower 
or less efficiently relative to neutral words. 
 72 
SST Prediction 2c. For low arousal words, as age increased, participants were 
expected to respond more efficiently to negative words compared to neutral words 
because older adults are able to disengage from negative information. In the current 
study, as age increased, low arousing negative words were not responded to faster or 
more efficiently relative to neutral words. 
SST Prediction 3—Supported 
According to SST, positivity effects reflect older adults’ greater focus on 
regulating emotion, which is the result of greater use of controlled processes and 
available cognitive resources (Knight et al., 2007). Therefore, the prediction that follows 
was that positivity effects would emerge later (i.e., 500 ms or later after the onset of the 
stimulus), due to goal-directed selective processing, which requires adequate cognitive 
control and time to emerge (Isaacowitz et al., 2009). In the current study, with increasing 
age and EC, participants maximally deviated later in the trial for low arousing positive 
words relative to neutral words and for high arousing negative and positive words relative 
to neutral words, which is consistent with SST by providing further evidence of the 
cognitive effort being used, which takes some time to emerge. Additionally, initiation 
times for low arousing negative words were faster relative to neutral words relative to 
neutral words, as age and EC increased. 
SST Prediction 4—Supported only by 4b and 4c 
Another prediction based on SST is that there would be a significant Age  EC  
Arousal  Valence interaction due to the increased use of cognitive resources (i.e., or the 
ability to experience both positive and negative emotions) needed to observe positivity 
effects (Knight et al., 2007).  
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SST Prediction 4a. For high arousal words, positive and negative words were 
expected to be responded to less efficiently relative to neutral words, regardless of EC 
and age. In other words, for words high in arousal, additional attentional resources are 
used to process the positive and negative words relative to the neutral words, and this 
effect would be consistent across the adult lifespan and across individuals with varying 
levels of emotional complexity. In the current study, high arousal positive and negative 
words were not responded to slower or less efficiently relative to neutral words, 
regardless of EC and age. 
SST Prediction 4b. For low arousal words, negative words were expected to be 
responded to more efficiently relative to neutral words, as age and EC increased, because 
of the increased availability of cognitive resources resulting in older adults being able to 
disengage from negative information. In the current study, initiation times for low 
arousing negative words were faster relative to neutral words, as age and EC increased. 
SST Prediction 4c. For low arousal words, positive words were expected to be 
responded to less efficiently relative to neutral words, as age and EC increased, because 
of the increased availability of cognitive resources resulting in older adults’ attention 
being captured by positive information. In the current study, low arousing positive words 
were responded to slower and less efficiently relative to neutral words, as age and EC 
increased (see Figures 12-14).  
Evaluation of DIT Predictions 
DIT Prediction 1—Not Supported 
Based on previous research in support of DIT (Labouvie-Vief, 2003), a 
curvilinear effect of age was expected for any effects involving valence (see Figure 3). 
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For example, any differences between positive and neutral words was expected to 
decrease (as depicted in the solid line in Figure 3) or show no difference from young 
adulthood to middle adulthood – because emotional complexity peaks in middle 
adulthood (Labouvie-Vief, 2003) – followed by an increase from middle adulthood on. In 
the current study, a curvilinear effect of age was not observed in the current study (see 
Figure 10). Instead, as reported above, a linear effect of age was observed. More 
specifically, with increasing age, participants responded more efficiently to negative 
words than neutral words.  
DIT Prediction 2—Supported only by 2a 
 According to DIT, a significant Age  Arousal interaction was expected, in which 
high arousing stimuli were predicted to be more distracting, as age increased (Grühn & 
Scheibe, 2008; Wurm et al., 2004a). 
DIT Prediction 2a. Regardless of valence, the prediction based on DIT was that 
words low in arousal would be responded to more efficiently relative to words medium in 
arousal, as age increased. In other words, as age increased, the medium arousing words 
would require more cognitive resources to disengage from the word relative to the low 
arousing words. In the current study, as age increased, participants responded to low 
arousing words significantly faster (RT; see Figure 10), but not more efficiently (MD, 
MD-time, IT), relative to medium arousing words. 
DIT Prediction 2b. Regardless of valence, the prediction based on DIT was that 
high arousal words would be responded to less efficiently relative to words medium in 
arousal, as age increased, because it will be more difficult to disengage from high 
arousing words (Wurm et al., 2004a). In the current study, as age increased, participants 
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did not respond to high arousal words less efficiently relative to medium arousal words.  
DIT Prediction 3—Supported only by 3b 
Based on previous research in support of DIT (Keil & Freund, 2009; Wurm, 
2011), a significant Age  Valence interaction was predicted. Specifically, as age 
increased the effect of valence should increase due to age-related cognitive decline 
(Labouvie-Vief et al., 2009; Wurm, 2011).  
DIT Prediction 3a. The prediction based on DIT was that positive words would 
be responded to less efficiently relative to neutral words, as age increased because it will 
be more difficult to disengage from positive information. In the current study, as age 
increased, participants did not respond to positive words more slowly and less efficiently 
relative to neutral words. 
DIT Prediction 3b. The prediction based on DIT was that negative words would 
be responded to more efficiently relative to neutral words, as age increased because it 
will be easier to disengage from negative information. In the current study, as age 
increased, participants responded to negative words faster and more efficiently relative to 
neutral words. 
DIT Prediction 4—Not Supported 
According to DIT, older adults may show positivity effects as a way to simplify 
their information processing due to age-related cognitive decline (Labouvie-Vief et al., 
2009; Wurm, 2011). Therefore, according to DIT, positivity effects should emerge early 
(i.e., within 500 ms of stimulus onset), reflecting the use of low-effort, and relatively 
automatic processing due to age-related cognitive decline (Isaacowitz et al., 2009; 
Labouvie-Vief, 2003). In the current study, with increasing age, the difference in 
 76 
participants’ MD for positive words and for high arousal words did not occur relatively 
early in the trial, and instead occurred at approximately 576 ms and 566 ms, respectively. 
DIT Prediction 5—Not Supported 
Another prediction based on DIT is that there would be a significant Age  EC  
Valence interaction (Wurm, 2011). More specifically, as age increased and cognitive 
resources decreased, larger effects of valence would be observed. 
DIT Prediction 5a. Regardless of arousal, the prediction based on DIT was that 
positive words would be responded to less efficiently relative to neutral words, as age 
increased and EC decreased, because it will be more difficult to disengage from positive 
information. In the current study, with increasing age and increasing EC, participants 
responded faster to positive words relative to neutral words. 
DIT Prediction 5b. Regardless of arousal, the prediction based on DIT was that 
negative words would be responded to more efficiently relative to neutral words, as age 
increased and EC decreased, because it will be easier to disengage from negative 
information. In the current study, regardless of arousal, age, and EC, participants did not 
respond faster or more efficiently to negative words relative to neutral words. 
DIT Prediction 6—Not Supported 
Another prediction based on DIT was that there would be a significant Age  EC 
 Arousal interaction (Wurm, 2011). More specifically, as age increased and cognitive 
resources decreased, larger effects of arousal were expected. 
DIT Prediction 6a. Regardless of valence, the prediction based on DIT was that  
low arousal words should be responded to more efficiently relative to medium arousal 
words, as age increased and EC decreased, because it will be easier to disengage from 
 77 
low arousing information. In the current study, participants did not respond faster or more 
efficiently to low arousing words relative to medium arousing words, regardless of age, 
EC, and valence. 
DIT Prediction 6b. Regardless of valence, the prediction based on DIT was that  
high arousal words should be responded to less efficiently relative to medium arousing 
words, as age increased and EC decreased, because it will be more difficult to disengage 
from high arousing information. In the current study, participants did not respond slower 
or less efficiently to high arousing words relative to high arousing words, regardless of 
age, EC, and valence. 
Overall Evaluation of SST and DIT  
To summarize, some of the results of the current study are consistent with SST 
and some of the results are consistent with DIT, but neither theory was completely 
supported by the complete set of data. More specifically, four of the eight SST 
predictions – and two of the 10 DIT predictions – were supported (see Table 17). 
Additionally, it is not only a matter of how many predictions are supported; some 
predicitions are crucial to the theory (SST predictions 4b and 4c). In both cases SST 
comes out the “winner” and DIT would have particular difficulty accounting for the 
complete set of results. The fact that some of the predictions, including two crucial 
predictions, of SST are supported by the data may be somewhat suprising, considering 
that SST was developed to reflect intentional and motivational processes, as opposed to 
Stroop performance or responses to words. However, the results of the current study 
cannot be fully explained by either SST or DIT.  
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Table 17. Summary of predictions that were supported and by which dependent variable. 
Prediction RT MD MD-time IT 
SST 1 — linear effect of age ✔ ✔   
SST 3 — positivity effects occur late ✔ ✔ ✔  
SST 4b — as age and EC increases, 
shift away from negative information 
   ✔ 
SST 4c — as age and EC increases, 
shift towards positive information 
✔ ✔ ✔  
DIT 2a — low arousing words are 
less attention grabbing, as age 
increases 
✔    
DIT 3b — as age increases, shift 
away from negative information 
✔    
 
Perhaps a hybrid - or a dual-process - model might better account for the data 
obtained in the current study. I am not the first to propose a dual-process view. Gronchi, 
Righi, Pierguidi, Giovannelli, Murasecco, and Viggiano (2018) proposed that the 
positivity effect could be observed due to the automatic processing of positive over 
negative information, and that during controlled processing, negative information is 
selectively avoided. However, the current study’s findings are inconsistent with Gronchi 
et al.’s dual-process view, possibly due to differences in task (e.g., dot probe, emotional 
Stroop) or stimuli (e.g., faces, words). Low arousing positive words were responded to 
slower and less efficiently relative to neutral words, as age and EC increased. 
Additionally, initiation times for low arousing negative words were faster relative to 
neutral words, as age and EC increased. Therefore, I propose that positivity effects are a 
result of selectively attending to positive information and the automatic avoidance of 
negative information, with increased age. My proposed model accounts for the following 
findings that neither SST nor DIT (nor the Gronchi et al. model) predicted; as age 
increases, participants respond more efficiently to negative and high arousing words; and 
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as age and EC increase, participants respond slower to low arousal positive words. 
However, the proposed model would be unable to account for the finding that participants 
to responded faster to positive words, as age and EC increased. The model I have 
proposed is rather simple; a more complex model will likely need to be developed. For 
example, perhaps dichotomizing influences as either automatic avoidance or controlled 
selective attention is off the mark. Instead, a more complex and nuanced model that 
considers the simultaneous and continuous influences of selective top-down – and 
bottom-up – attention would more accurately capture the full range of processing effects. 
Furthermore, there may be no single model that is the best at explaining positivity effects, 
instead a model may be required for each specific context (e.g., pictures of scenes, words, 
faces, social preferences, etc.) or a subset of contexts. 
Comparison with Previous Research 
 Wurm et al. (2004a) found that older adults were slower responding to high 
arousing words than medium and low arousing words. However, in the current study, as 
age increased, participants’ responses for high arousing words were not significantly 
longer relative to medium arousing words. This inconsistent finding could be due to 
differences in response types (e.g., verbal, mouse tracking), type of stimuli (e.g., only 
looking at arousal, arousal  valence), or not controlling for age-related motor 
differences. Ashley and Swick (2009) found evidence of positivity effects (i.e., more 
efficient processing of negative words) using a mixed presentation, consistent with the 
current study. LaMonica et al. (2010) found evidence of a linear trend of positivity effects 
(i.e., more efficient processing of emotional information than neutral information). 
However, I found that participants only responded more efficiently to negative words 
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relative to neutral words, as age increased. These differences could be explained by 
differences in stimuli (e.g., high arousing negative and positive words compared to low 
arousing neutral words). In fact, I found that high arousing words were responded to 
equivalently relative to medium arousing words. Additionally, Wurm (2011) found that 
older adults with lower cognitive resources had a smaller Arousal  Valence interaction. 
However, in the current study, participants responded less efficiently to low arousing 
positive words relative to neutral words, but only as age and EC increased. These 
inconsistent findings could be due to differences in task (e.g., lexical decision, emotional 
Stroop), number of stimuli (e.g. 40, 108), or response type (e.g., button press, mouse 
tracking). 
Evaluation of Mouse Tracking 
The use of computer mouse tracking was beneficial in capturing precisely when 
the MD peaked throughout the course of each trial, a measurement that is not possible 
using a simple button press response. As mentioned previously, the current results 
demonstrate that with increasing age and EC, participants maximally deviated later in the 
trial for low arousing positive words relative to neutral words and for high arousing 
negative and positive words relative to neutral words. Nevertheless, the question remains 
precisely when these effects begin to emerge during each trial. Although this question is 
beyond the scope of the current dissertation analyses, I plan to investigate this question in 
the future by examining the movement trajectory (x-coordinates) more closely, and its 
evolution over time. According to SST, differences in x-coordinates (e.g., between low 
arousing positive and low arousing neutral words) should begin to emerge relatively late 
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in the trial. According to DIT, such differences in x-coordinates should begin to emerge 
relatively early in the trial. 
It is important to note that although there was a misalignment of task goals – 
responding as quickly and as accurately as possible – and participants’ chronic goals 
(e.g., future-oriented and present-focused goals; Reed et al., 2014), which has been 
known not to produce positivity effects, evidence of positivity effects was obtained in the 
current study. I argue that this may be the result of using a more sensitive measure (i.e., 
computer mouse tracking) that recorded participants responses at various points in the 
trial (i.e., MD-time, IT). 
Conclusion 
Since this is the first exploration of the effects of valence, arousal, and age in an 
emotional Stroop task using computer mouse-tracking, I recommend future replications 
building on the current project. More specifically, future work should examine the effects 
of valence, arousal, and age in other attentional measures, such as a dot probe task. Doing 
so will help to extend current knowledge regarding how the processing of emotional 
information differs across the adult lifespan, and to ensure that the obtained results are 
not task specific. 
One limitation of the current research is the cross-sectional study design; 
consequently, there is no way to determine whether age differences are due to cohort 
effects or developmental change. Future research will need to use a longitudinal approach 
in order to disentangle the origin of any observed age-related differences. However, both 
cross-sectional and longitudinal study designs should be pursued because each design 
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provides unique information. The advantage of using a cross-sectional approach is that it 
allowed me to compare many different variables simultaneously.  
Another limitation of the current study is that, according to SST, positivity effects 
should reflect motivational processes; however, the positivity effects obtained in the 
current study may instead be due to the positively valenced words simply being more 
self-relevant (Sasse, Gamer, Büchel, & Brassen, 2014). Additionally, the way I measured 
EC (over the last few weeks, not necessarily simultaneously) is different from how DIT 
describes EC (positive and negative simultaneously). Although I followed Spencer-
Rogers and colleagues (2010) by using the PANAS as a measure of EC, perhaps a more 
direct measure of participants’ ability to simultaneously experience positive and negative 
emotions would have led to different results in the analyses including EC. 
The current study makes several novel empirical and theoretical contributions to 
the literature on aging and attentional processes. First, the current study was the first to 
examine all possible combinations across levels of word valence and arousal in an 
emotional Stroop task and test competing predictions from SST and DIT. Due to 
inconsistent findings in language research, the use of a full factorial design was necessary 
to obtain a more comprehensive picture of how valence and arousal affects cognitive 
processes, and to provide support for either SST or DIT. In the current study, I found that 
how valence and arousal affect the interpretation of positivity effects depends on the 
situation, which provides evidence that the effects can be driven by arousal, valence, and 
the interaction between valence and arousal. Second, I measured the effect of age as a 
continuous variable and included a baseline measure. This conceptualization allowed for 
better statistical analyses of the effects of interest and measuring age as a continuous 
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variable has begun to provide answers to novel questions (e.g., is there a linear trend or 
curvilinear trend of positivity effects?) and the inclusion of the baseline measure factored 
out any individual (including age) differences due to movement of a computer mouse. 
The current study found evidence of a linear trend of positivity effects. By including the 
baseline measure, I found that participants did not have longer RTs, with increasing age. 
However, with increasing age, participants’ responses were less deviated and participants 
began moving the mouse earlier (i.e, participants did not wait before initiating their 
responses). Therefore, there did not appear to be a speed accuracy trade off. Third, I used 
computer mouse tracking to measure the time course of the effects (e.g., RT, MD-time, 
IT). This methodology makes it possible to distinguish between quantitative and 
qualitative differences in performance. The current study found that with increasing age 
and EC, participants maximally deviated later in the trial for low arousing positive words 
and high arousing negative and positive words relative to neutral words, suggesting that 
with increased age and EC, these words take more cognitive resources to process. 
Furthermore, the current study found that with increasing age and EC, participants 
initiated their mouse movement earlier for low arousing negative words relative to neutral 
words, suggesting that with increased age and EC, there is an increased availability of 
cognitive resources resulting in the ability to disengage from low arousing negative 
words. Exploring underlying dynamics of the responses is crucial to obtaining a better 
understanding of the cognitive processes at play. Importantly, the current study increases 
our theoretical understanding of positivity effects by providing some empirical support 
for SST. Although the exact nature of a new model depends on future empirical and 
theoretical research in the area, the current study was successful in demonstrating the 
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value of testing competing theoretical accounts using computer mouse tracking across all 
levels of valence and arousal and treating age as a continuous variable across the adult 
lifespan, setting the stage for future empirical investigations. 
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A. Experimental Stimuli  
 Arousal 
Valence Low Medium High 
Negative    
 bored ache accuse 
 chore bawl ambulance 
 dreary cut bomb 
 droop falter deadly 
 false forget destroy 
 fatigued garbage fight 
 messy immoral gun 
 mucus infection panic 
 overcast loser scare 
 pale miserable scream 
 slow plead thief 
 tired thirst tumor 
Neutral    
 broom awaken alert 
 clouds dice anxious 
 den feeling boom 
 knitting gymnast chaos 
 mantel ladder crush 
 nun nip dare 
 plain scrotum erupt 
 reserved shred explosion 
 sigh smirk frenzy 
 silent sneeze risk 
 sock tamper shock 
 square wonder startled 
Positive    
 bird beauty adventure 
 blanket blossom casino 
 butterfly cake conquer 
 cozy fries cure 
 ease frolic dance 
 gentle inspire eager 
 peace oasis ecstasy 
 pillow ocean excitement 
 relax perfume kiss 
 secure reward lust 
 serene soothe profit 
 sofa sun quick 
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B. PANAS 
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C. DSS 
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D. FTP 
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E. CA 
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F. COWAT-FAS 
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G. Word Ratings 
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H. Participant Consent Form 
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J. Debriefing Form 
 
